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CONVERSION OF ARMY HEATING PLANTS
TO COAL: THREE CASE STUDIES

1 INTRODUCTION

Background

The Army Energy Plan sets goals for the reduction of use of energy by the
Army.l  Two of these goals relate to Army facilities: (1) by FY85 energy con-
sumption in facilities operations must be reduced by 20 percent from the FY75
level, and an additional 20 percent by the year 2000; (2) the use of natural
petroleum fuels must be reduced 75 percent by the year 2000. To meet this
challenge, it is expected that some Army installation heating and power plants
now firing gas or 0il will be converted to coal. The U.S. Army Construction
Engineering Research Laboratory (CERL) has published general technical and
economic guidance on applicable coal technologies which district engineers and
facilities engineers may use in developing installation coal-use projects.
This information was published in 1979 as CERL Interim Report (IR) E-148.2

IR E-148 is general and is intended to cover a broad scope of Army-wide
coal conversion applications. Accordingly, it is not concerned with coal
conversion problems and other considerations which are site-specific and must
be dealt with on an installation-by-installation basis.

Research at individual installations was needed (1) to "field check" the
contents of IR E-148 by actual use, and (2) to provide information for deter-
mining the economics of the site-specific coal conversion proposals.

Objective

The objective of this study was to determine whether additional useful
information on coal conversion could be obtained by applying IR E-148 guidance
to proposed site-specific coal conversions, and thereby to recommend coal
conversion strategies for the three sites studied.

Approach

Three Army installations that had once fired coal in their heating plants
were selected for site-specific engineering study: Redstone Arsenal, AL;
Picatinny Arsenal, NJ; and the U.S. Military Academy (West Point) in New York.
The studies were completed by engineering firms experienced in the design of
heating plants. The contractors made site visits to gather the necessary

1 Army Energy Plan (Headquarters, Department of the Army, February 1978 and
August 1980].
S. A. Hathaway, M. Tseng, and J. S. Linn, Project Development of Guidelines
for Converting Army Installations to Coal USe, Interim Report E-148/
ADAG68025 (U.S. Army Construction Engineering Research Laboratory [CERL],
March 1979).




information to propose alternative methods for converting the heating plants
to coal. They were to consider application of both current and advanced coal
systems which included direct combustion (either in suspension or on a grate),
production and firing of both low- and high-Btu coal-derived gas, and produc-
tion and use of coal-derived liquid fuel. Both rehabilitation and replacement
of plants were considered. Capital investment and annual operating costs of
the alternative conversions were estimated.

The contractors were to use the material presented in IR E-148 as part of
their work in preparing the coal conversion alternatives for each installa-
tion.

Scope

This report presents the site-specific findings of the three studies (see
Appendices A, B, and C) and comments on IR E-148. The findings include tech-
nical and economic information for the coal conversion alternatives as they
apply to the sites.

Chapter 2 discusses the conversion alternatives considered at each of the
three sites. Economic considerations are stated, and the capital investment,
annual operating costs, and Life Cycle Costs (LCC) are given.

It is important to note that while the economics presented in the body of
this report are based on the data in the appendices, changes were made for
clarity. For instance, labor at $25,000 per man-year, and fuel oil at $0.80
(1979 dollars) was used at each site.

Chapter 3 presents economic data which compares and ranks the three sites
as potential conversion locations.

Chapter 4 discusses suggested improvements to IR E-148.

Conclusions are given in Chapter 5.



2 CONVERSION ALTERNATIVES AT THE THREE SITES

The contractors provided detailed construction cost estimates and annual
operating cost estimates. This report gives those costs in 1985 dollars,
since a decision to convert to coal use would be for program year FY84, with

1985 dollars as the midpoint of construction. The savings would not begin to
accrue until FY87.

Staffing is addressed as part of each alternative. In all cases, the
conversion from fuel o0il to coal requires a larger staff. Solid fuel handling
is an added function that requires personnel. When coal gasification is con-
sidered as an alternative, the increases are even greater because the gasifi-
cation plant as well as the boiler plants must be manned.

Case I: Redstone Arsenal

Description of the Existing Heating Plants at Redstone Arsenal

Two main boiler plants -- No. 3264 and No. 4725 -- account for 84 percent
of Redstone's nameplate capacity. Both are about 40 years old. Plant 3624 is
equipped with four 60,000 1b/hr (18 MK) boilers, while Plant 4725 has four
100,000 1b/hr (29 MW) boilers. Both plants presently operate on fuel oil, but
Plant 4725 was originally designed for pulverized coal, and Plant 3624 origi-
nally used underfire vibrating grates. Plant 3624 was rebuilt in 1960; new
boiler tubes were installed. Plant 4725 has never been rebuilt and is now
near the end of its working 1ife. Figure 1 shows the location of these two
main steam plants at Redstone Arsenal.

Twenty-four additional gas- or oil-fired steam boilers at Redstone Arse-
nal account for 16 percent of the nameplate capacity. These boilers are at
approximately 10 locations on the installation.

Four alternatives were considered for coal conversion:

l. A new coal-fired, central steam plant serving the two areas now
served by two plants.

2. New coal-fired plants, one at each existing location.
3. A new coal liquefaction or gasification plant.
4. Rehabilitation and reconversion of the existing plants.

A more detailed description of each of these alternatives follows (also see
Appendix A).



New Coal-Fired Central Plant

Other studies have examined the alternative of having one central plant
at Redstone Arsenal.3 The proposed location is equidistant from the existing
steam distribution networks of Plants 4725 and 3624 (see Figure 1). About 1
mi (1800 m) of new steam line would be needed to tie the new facility to the
existing distribution systems. The proposed location is presently undeveloped
and would require site work. It is expected that the new central facility
would use two pulverized coal-fired boilers with a backup oil-firing capabil-
ity.4 One oil-fired boiler also would be included. Al1 three boilers would be
rated at 192,000 1b (56 MW) of steam per hour. As sized, only one of the
three boilers would be required at any one time. SCS Engineers, Inc., took a
different approach than Black and Veatch and based this alternative on two
spreader-stoker fired boilers at 175,000 1b (51 MW) of steam per hour.

Two New Coal-Fired Plants, One at Each Existing Location

With the second alternative, new coal-fired plants would be built next to
the existing 40-year-old plants. At Plant 4725 there would be three 100,000
1b/hr (29 MW) traveling-grate-type stokers to replace the existing stokers.
And at Plant 3624, there would be two 100,000 1b/hr (29 MW) traveling grate
stokers to replace the four boilers.

A New Coal Liquefaction, Gasification Plant

The third alternative would provide a liquefaction or gasification plant
which would produce a fuel suitable for use in the existing boilers. There
are several technologies available; of those, the most advanced is the
Koppers-Totzek system, which would be used. Ducting, burner, and control
modigications would be needed to fire the approximately 300 Btu/cu ft (11
MJ/m~) of gas which would be prepared by this gasifier. A derating of about
40 percent from oil rating, or nominally 15 percent from coal rating, would be
required. Also, due to their age and condition, Plants 3624 and 4725 would
have to be rehabilitated before coal, gas, or 0il could be used.

Rehabilitation and Reconversion of Existing Steam Plants

The existing plants could be rehabilitated and converted to fire coal
again. Since they were originally designed and built to burn coal, the sizing
and combustion of the coal should remain as designed. Converting both facili-
ties to coal should be relatively simple.

Since the boilers are about 40 years old, a significant amount of reha-
bilitation would be needed. For this analysis, it is assumed that all boiler
internals would have to be replaced, and that the auxiliary plant would have
to be completely overhauled. In addition, at Plant 4725 a coal storage area
would be required.

3 Black and Veatch Consulting Engineers, Base-Wide Energy Systems Plan --
Total Energy and Selected Energy (Draft Final Report for the Mobile District
Corps of Engineers, October 1979).

4 Black and Veatch.
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' Preferable Alternatives

Table 1 briefly describes the advantages and disadvantages of each of the
coal conversion possibilities for Redstone Arsenal.

The contractor proposed that rehabilitation of the two existing plants
and one new coal-fired central plant is the most practical and economical of
the four alternatives. A cost estimate was done for this option. The two
existing plants have a staff of 10. Tables 2, 4, 5, and 6 give the annual
operating and capital costs of the alternative. Table 7 summarizes the capi-
tal and operating costs associated with each alternative. (Table 3 presents
multipliers used to convert annual costs to 25-year, present-value costs.)
Mote that in 1985 dollars, the annual cost for the rehabilitation/reconversion
alternative would be $3.35 million and that the first cost -- that is, the
capital investment required for the rehabilitation -- would be $19.0 million;
the staff would increase to 28. This compares to an annual cost of $2.2 mil-
1ion and a first cost of $34.0 million (1985 dollars), with a staff increase
to 22, for the new coal-fired central plant alternative.

Case II: Picatinny Arsenal

Description of the Existing Plant

Picatinny Arseng] power Blant has three boilers which operate at 420 psig
(202 000 Pa) and 650°F (343.3°C). Two of the boilers, manufactured in 1943,
- are rated at 160,000 1b/hr (47 MW); these were originally converted from pul-
verized coal to oil or gas. A third boiler, manufactured in 1971, is rated at
20,000 1b (6 MW) of steam per hour; this is a packaged oil-fired unit. The
power plant also has three turbine generators. Two are rated at 3000 kW and
one at 1500 kW. Table 8 gives the present and projected steam and fuel usage
for this plant.

| Conversion Alternatives

Economic studies were done for three alternatives at Picétinny Arsenal:

1. A gasification plant with conversion of the existing boilers to fire
the gas. Staffing would change from 50 to 75.

2. New stoker-fired boilers with flue gas desul furization included.
Staffing would change from 50 to 65.

3. A fluid bed combustion boiler with baghouse. Staffing would change
from 50 to 64.

Complete descriptions of these alternatives are in Appendix B. Tables 9

through 14 give the capital and operating costs for each alternative in 1985
dollars. A summary of the alternatives is given in Table 15.

b



Case III: U.S. Military Academy (West Point)

Description of Existing Facilities

The main boiler plant, No. 604, has a capacity of 598 million Btu/hr (175
MW). The plant operates on no. 6 fuel oil. Table 16 shows the steam and fuel
requirements (also see Appendix C).

Discussion of the Options for West Point

Several options were considered at West Point: retrofit or conversion of
the existing plant to fire coal; low-, medium-, or high-Btu gas; liquefaction;
or a new coal-fired plant. It is not possible to actually convert the exist-
ing plant to burn coal at West Point. The main problem is that since the
plant was converted several years ago from coal to oil, buildings were added
to the area and take up the space originally occupied by the coal handling
system. Therefore, there is not enough room now to bring in coal to the site.
The second problem is also related to space availability. At the existing
site, there is no room to build the air pollution control devices that would
be required for reconversion to coal-firing. For these reasons, the actual
conversion or retrofit to coal of the existing boilers was dropped as an
alternative. It was then decided that capital and annual cost estimates would
be provided for only two alternatives: (1) use of a fluid bed boiler at a
remote site, with the steam piped to the existing distribution network, and
(2) construction of a gasification plant at a remote site, with the new gas
piped to the existing boiler. Figure 2 indicates the location of the existing
plant and the proposed remote plant. Note that the existing boiler would have
to be retrofitted to fire this gas. The staffing requirements will change if
the plant is converted to coal. Tables 17 through 20 show the capital and
operating costs (in 1985 dollars) of each of the alternatives. Table 21 sum-
marizes the data.

12



3 DISCUSSION AND COMPARISON OF CASE ALTERNATIVES

The data in Tables 22 and 23 permit comparison of the alternatives dis-
cussed in Chapter 2, and provide a means of selecting the location to be con-
verted first.

Note that in all cases, the staffing requirements increase. The largest
increase occurs when both a gasification and a boiler plant are used.

Four economic criteria are often used in selecting among alternatives:
the Towest life-cycle cost (LCC),* the highest savings-to-investment ratio
(SIR), the lowest straight line years-to-payback and the most favorable
energy-to-cost (E/C) ratio.** Usually, there is no conflict in these criteria.
Note, however, in Case Il below, and as shown in Table 23, the most favorable
SIR (gasification) has the highest (least favorable) LCC.

Case I

Redstone Arsenal has the most favorable E/C ratio, LCC, SIR, and years to
payback.

Case II

Picatinny Arsenal has the next most favorable E/C and SIR with gasifica-
tion technology. In this case, the LCC should be used as a basis for selec-
tion. If SIR were used, then gasification would cost $30 million more, in
present value, over a 25-year life of the project. The LCC of stokers and
fluid bed boilers is nearly the same, so the selection should be based on
lowest capital investment and shortest years to payback -- fluid bed boilers.

Case III

For West Point, the E/C and LCC should be used as a basis for decision.
The LCC for fluid bed boilers is nominally $25 million less than that for the
gasification plant. It also has the most favorable years to payback.

* LCC is the total cost of the system (fewer sunk costs). It includes the cap-
ital investment plus the operating costs over the 25-year economic 1ife of
the project.

**E/C ratio is a number obtained by dividing the annual energy saved, in
MBtus, by the capital investment in thousands of dollars. This number
represents the energy saved per unit of investment.

13



L  IMPROVEMENTS TO IR E-148

The contractors were asked to offer specific comments that would make
CERL IR E-148 more useful. The following suggestions were made:

1. A number of constraints associated with the installation and opera-
tion of coal-fueled heating plants affect the usefulness of these operations.
Many of these constraints are already addressed in IR E-148. However, the
contractors suggested some additional limitations. For example, regulation of
air pollutant emissions is one limiting parameter. In the South Coast Air
Basin of California, coal conversion probably would not be allowed, regardless
of the control equipment used. And if local authorities will not permit the
use of coal, there is no point in spending time and money to explore that
alternative. A listing of the suggested constraints is given in Table 24.

2. Cost data for fluid bed combustion boilers could be added so that the

report user could compare fluid bed boilers with the other alternatives
presented.

3. In addition to the costs given, unit costs would be helpful -- such
as dollars per pound or dollars per cubic feet per minute. An example of such
unit costs is given in Appendix B, Table 4-1.

14




5 CONCLUSIONS

1. The contractors' suggestions for improving IR E-148 were not major;
the report need not be updated. As CERL completes work on fluid bed com-
bustion and on examples of coal conversions, the results (including the costs

associated with fluid bed combustion and completed coal conversions) will be
published.

2. At Redstone Arsenal, Picatinny Arsenal, and West Point, the cost of
continuing to burn fuel oil far exceeds the cost of changing to coal as a
fuel. (Table 25 summarizes the LCCs.)* Therefore, the installations should
initiate Military Construction projects to convert their facilities to burn
coal. The conversions should be made in the following order, which is based
on the most to least favorable E/C ratio:

a. Redstone Arsenal should rehabilitate and reconvert its existing
plants to fire coal.

b. Picatinny Arsenal should build a new coal-fired plant. The accuracy
of the estimates does not allow a technology to be selected on the basis of
LCC economics. However, if selection is based on first cost, fluid bed
boilers should be chosen.

c. West Point should build a new coal-fired fluid bed plant.**

* The project costs are given in 1985 dollars, with the operating costs
present valued to 1985, the mid-point of construction. The capital invest-
ment of the present practice is not included in the LCC because it is a sunk
cost.

**This conclusion is reached because the type of plant is economically feasi-
ble using present Army Energy Conservation Investment Program (ECIP) cri-
teria. The contractor (see Appendix A) used differing criteria and reached
a different conclusion; i.e., that conversion is not economical.

15
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Table 1

Redstone Arsenal -- Coal Conversion Alternatives

Alternative

New coal-fired central steam plant

Rehabilitation and reconversion
of existing steam plants

New coal liquefaction/
gasification plant

New coal-fired satellite plants

o O

Advantages

Developed technalogy
Credible cost forecast
Minimum new distribution
system development
Potential for use of
alternate fuels

Maximum use of
existing equipment
Lower first cost

No new site required

Use of existing
boiler equipment
Greater environmental
acceptance

Additional redundancy

No new distribution system
development required

Lower recurring costs vs.
rehabilitation

18

o O

(=}

Disadvantages

Large first cost
No use of existing
energy equipment

Increased recurring
costs

Difficult to accurately
predict first costs

Large first cost
Undeveloped technology
Need to rehabilitate
existing boiler equipment
Low acceptance by
Redstone personnel

Loss of economies of scale
Large first costs

Greater recurring costs
than central plant




Table 2

Redstone Arsenal -- Rehabilitation/Reconversion Capital Cost Estimate

ITtem

Fuel delivery

Fuel storage

Fuel handling

Boiler conversion
Residue handling

Air pollution control
Start-up

Shakedown

Grand total

Plant 4725

Cost, 1980 Dollars

50,000

130,000

693,000

6,220,000

703,000

246,000

35,000

83,000

8,160,600

Plant 3624

Plant 4725

Total 1980 dollars

Total 1985 dollars
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Plant 3624
55,000
98,000

416,160
4,716,000
491,400
155,000
35,000
83,000
6,049,560
6,049,560
8,160,600
14,210,160

x 1.338

19,013,000



1. 25-Year
25-Year

2. 25-Year

Table 3

Multipliers for 25-Year, Present-Value Cost

Present Value (PV) Labor = Labor (1980) x (1.056)7* x 9.524**
PV Labor = Labor (1980) x 13.95

PV Maintenance = Maintenance (1980) x (1.06)7 x 9.524

25-Year PV Maintenance = Maintenance (1980) x 14.32

3. 25-Year PV Coal = Coal (1980) x (1.10)7 x 14.777
25-Year PV Coal = Coal (1980) x 28.80

4. ?25-Year PV Electric = Electric (1980) x (1.13)7 x 18.049
25-Year PV Electric = Electric (1980) x 42.46

5. 25-Year PV Fuel Qi1 = Fuel 0il (1980) x (2.502)7 x 20.05
25-Year PV Fuel 0Qil = Fuel 0il1 (1980) x 50.17

Note:

*1.056 is the annual escalation rate for labor.

**%9_524 is the differential inflation rate for labor; both rates were taken
from the Inclosure to a multiple letter from DAEN-FEU, Subject: "Energy
Conservation Investment Program (ECIP) Guidance," 7 November 1977. The
values for maintenance, cost, etc., were taken from the same source.
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Table 4

Redstone Arsenal -- Recurring Cost Summary --
Rehabilitation/Reconversion Alternative

Annual Cost

Item Quantity Unit Cost ($103/yr) 25-yr) PV**
Plant 4725
Labor 15 25,000/man-year* 375.0 5228
Coal 19,500 tons $49/ton 955.5 27,518
Maintenance 5000 hr $11/hr 55.0 788
Electric 1.08 x 106 kWh $0.035/kWn 38.0 686
Water 10.0 x 106 gal $0.21/gal 21.2 296
Total 1444.7 34,516
Plant 3624
Labor 13 25,000/man-year* 325.0 4513
Coal 13,260 tons $49/ton 649.7 18,711
Maintenance 3800 hr $11/hr 41.8 599
Electric 731,500 kWh $0.035/kWn 25.6 462
Water 8 x 106 gal $0.21/gal 16.9 236
Total 1,059.0 24,521
Grand total 1980 dollars = 2503.7
Grand total 1985 dollars = 3350.0 59,040

*Average yearly expense:

wages plus fringe benefits.

**The 25-year present value, as of the first year of benefit -- in this case 1986. It is
obtained by multiplying the annual costs (in 1980 dollars) times the values given in

Table 3.
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Table 5

Redstone Arsenal -- New Coal-Fired Central Steam Plant

Capital Cost Summary

Item

Boiler system (2 ea. 175,000 pph)
Site preparation and grading*
Access roads*

Ash disposal

Coalyard preparation*

Water supply

Steam distribution

Utilities

Boiler house

Total, in 1980 dollars

Total, in 1985 dollars

Cost ($)
21.5 x 106
180,000
25,000
800,000
275,000
175,000
680,000
300,000
1.5 x 100

25.4 x 106

x 1.338

34.0 x 106

*1980 Dodge Guide (Public Works and Heavy Construction) (McGraw-Hill

Information Service Company, 1980]}.
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Table 6

. Redstone Arsenal -- Recurring Cost Summary --
New Coal-Fired Central Steam Plant

Annual Cost

Item Quantity Unit Cost ($103/yr) 25 yr Py**
Labor 22 25,000/man-year* 550 7667
Coal 32,760 tons $49/ton 1605 46,220
Maintenance 2200 $11/hr 24.2 347
Utilities 1.63 x 106 kWh $0.035/kWh 57.0 2420
Water 8.5 x 106 gal $0.21/kgal _18.0 250

Total in 1980 dollars = 2,254.2
Total in 1985 dollars = 4,131.0 56,910

*Average yearly expense: wages plus fringe benefits.
**The 25-year present value, as of the first year of benefit -~ in this case 1986. It is
obtained by multiplying the annual costs in 1980 dollars times the values given in Table

3
Table 7
Summary of Conversion Alternatives for Redstone Arsenal
Capi tal Annual Present Proposed

Alternative Cost* Cost* Staff Staff
Present oil operation -- $13.0 million 10  Not apflifable

NA
Rehabilitate/ $19.0 million $3.4 million NA 28
Reconvert
New central plant $34.0 million $4.1 million NA 22

*Costs are in 1985 dollars.
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Table 8

Picatinny Arsenal -- Steam and Fuel Requirements
1. Steam

A. Current
Annual 1.24 x 109 1b/year
Peak 212,000 1b/hr {62 MW)
Average 140,000 1b/hr (41 MW)

B. Projected
Annua) 1.04 x 109 1b/year
Peak 200,000 1b/hr (59 MW)
Average 120,000 1b/hr (35 MW)

2. Fuel*
0il Coal

A. Current
Annual 10,700,000 gal/yr (40 500 m3/yr) 65, 000 tons/yr (59 000 MT/yr)
Peak 1830 gal/hr (6.93 m /hr) - 11 tons/hr (10 MT/hr)
Average 1210 gal/hr (4.58 m3/hr) 7.3 tons/hr (6.6 MT/hr)

B. Projected
Annual 9,000,000 gal/yr (34 000 m3/yr) 55 000 tons/yr (50 000 MT/yr)
Peak 1730 gal/hr (6.55 m /hr) 10.4 tons/hr (9.4 MT/hr)
Average 1040 gal/hr (3.94 m3/hr) 6.3 tons/yr (5.7 MT/hr) ‘

*Based on fuel oil at 145,000 Btu/gal (404 kd/m3), and coal at 12,000 Btu/lb (28 MJ/kg).
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Table 9

Picatinny Arsenal -- Summary of Capital Costs for
Gasification Plant, Boiler Retrofit,
Existing Turbine Generators

Line Item Total
1. Coal delivery and handling
Railcar unloading building 820
Coal preparation building 158
Coal storage pile 1379
2. Process and boiler plant
Process plant 17,381
Boiler conversion 759

3. Pollution control

Ash silos 138

4. Turbine modifications 1088
5. Yardwork, utilities, demo-

lition, and miscellaneous ‘ 1633

Subtotal 23,356

Contingency at 15 percent 3503

Total Capital Cost : ' 26,859

Supervision, Inspection, and Overhead (SIOH) at 5.5 percent 1477

Grand total, 1979 dollars = 28,336

Grand total, 1985 dollars = 40,190

*In thousands of dollars, costs estimated as of third quarter, 1979.
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Table 10

Picatinny Arsenal -- Summary of Operating Costs for
Gasification Plant, Boiler Retrofit,
Existing Turbine Generators

Item Total 25-yr PY**
1. Labor 1875 26,140
2. Materials 566 7890
3. Disposals 272 3790
4. Electric:
System operation 160 6790
5. Coal 3929 113,200

Grand total 1979 dollars = 6,702
Grand total 1985 dollars = 12,030 157,800

*In thousands of dollars; estimated as of third quarter, 1979.
**The 25-year present value, as of the first year of benefit -- in this case
1986. It is obtained by multiplying the annual costs in 1980 dollars times
the values given in Table 3.
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Table 11

Picatinny Arsenal -- Summary of Capital Costs for
Stoker Boilers, Flue Gas Desulfurization,
New Turbine Generators*

Line Item

Coal delivery and handling
Railcar unloading building
Coal preparation building
Coal storage pile

Boiler plant
In-plant coal handling
Boilers

Pollution control
Scrubber system

Lime and sludge storage
Ash handling
Turbines

Yardwork, utilities, demo-
lition, and miscellaneous

Subtotal
Contingency at 10 percent

Total capital cost
SIOH at 5.5 percent

Grand total, 1979 dollars

Grand total, 1985 dollars

Total

820
158
965

756
18,964

6239
802
297

4201

1531
34,733
3473
38,206
2102
40,308
1.418

*In thousands of dollars; costs estimated as of third quarter, 1979.



Table 12

Picatinny Arsenal -- Summary of Operating Costs for .
Stoker Boilers, Flue Gas Desulfurization,
New Turbine Generators*

Item Total 25-yr PV**
1. Labor 1625 22,650
2. Materials 1127 15,710
3. Disposals 1024 14,270
4. Electric:
System operation 176 7430
Cogeneration (savings) (641) (27,200)
5. Coal 2750 79,200
Grand total, 1979 dollars = 6,060
Grand total, 1985 dollars = 9,873 112,100

*In thousands of dollars, estimated as of third quarter, 1979.
**The 25-year present value, as of the first year of benefit -- in this case
1986. It is obtained by multiplying the annual costs in 1980 dollars times

the values given in Table 3.
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Table 13

Picatinny Arsenal -- Summary of Capital Costs for
Fluid Bed Combustion Boilers, Baghouses,
New Turbine Generators*

Line Item

Coal delivery and handling
Railcar unloading building
Coal preparation building
Coal storage pile

Boiler plant
In-plant coal handling
Boilers

Pollution control
Baghouse
Limestone storage
Ash handling

Turbines

Yardwork, utilities, demo-
lition, and miscellaneous

Subtotal
Contingency at 10 percent

Total capital cost
SIOH at 5.5 percent

Grand total, 1979 dollars
Grand total, 1985 dollars

*In thousands of dollars; costs estimated as of third quarter, 1979.
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Total

820
158
965

754
18,205

2598
1328
924

4201

1531
31,484
3148
34,632
1905
6,537
1,800

3
5



Table 14

Picatinny Arsenal -- Summary of Operating Costs for
Fluid Bed Combustion Boilers, Baghouses,
New Turbine Generators*

Item Total 25-yr PYy**
1. Labor 1600 22,300
2. Materials 1069 14,900
3. Disposals 331 4610
4., Electric: '
System operation 514 21,800
Cogeneration (savings) (641) (27,200)
5. Coal 2750 79,200
Grand total, 1979 dollars = 5623
Grand total, 1985 dollars = 9496 115,610

*In thousands of dollars, estimated as of third quarter, 1979.
**The 25-year present value, as of the first year of benefit -- in this case
1986. It is obtained by multiplying the annual costs in 1980 times the
values given in Table 3.
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Table 15

Summary of Conversion Alternatives for Picatinny Arsenal*

Present Proposed

Alternative Capital Cost Annual Operating Cost Staff Staff
Gasification Plant $40.2 milljon (Table 8) $12.0 million (Tahle 9) 50 75
Stoker Boilers $57.2 million (Table 10) $9.9 mllilon (Table 11) h0 6h
Fluid Bed Boilers $51.8 million (Table 12) $9.5 million (Table 13) 50 64

*This table summarizes the data given in the cited tables.
The costs are in 1985 dollars.

Table 16

West Point -- Steam and Fuel Requirements

1. Steam
Annual 620,000,000 1b/year (179 800 MW)
Peak 185,000 1b/hr (54 MW)
Average 71,000 1b/hr (21 W)
2. Fuel* i1 Coal
Annual 5,000,000 gal/yr (18 900 m/yr) 30,300 tons/yr (27 500 MT/yr)
Peak 1655 gal/hr (6.26 m3/hr) 10.0 tons/hr (9.1 MT/hr)
Average 570 gal/hr (2.2 m3/hr) 3.5 tons/hr (3.2 MT/hr)

*Based on fuel ofl at 145,000 Btu/gal (404 kd/m3) and coal at 12,000 Btu/ib (28 Md/kg).
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Table 17

West Point -- Summary of Capital Costs for
Fluid Bed Combustion Boilers*

Line Item Amount

1. Coal delivery and handling

Track work 47
Railcar unloading building 811
Coal preparation building 162
Conveyor to storage 156
Coal storage silos 1365
Silos hoppers 448
Conveyor to plant 156
2. Boiler plant
3 Boilers @ 120,000 1b/hr (35 MW) 23,393
(Includes in-plant coal
handling)
3. Pollution control
Baghouses 3197
Limestone storage 1622
Ash storage 1123
4. Yard work
Electric 858
Utilities other than electric 286
5. Pipeline 3690
Subtotal 37,314
Contingency at 10 percent 3731
Total capital cost 41,045
SIOH at 5.5 percent 2257
Grand total, 1979 dollars = 43,302
Grand total, 1985 dollars = 61,400

*In thousands of dollars; costs estimated as of third quarter, 1979.
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Table 18

West Point -- Summary of Operating Costs for
Fluid Bed Combustion Boilers*

Item Total 25-yr PVY**

1. Labor 900 12,550

2. Repair materials 971 13,540

3. Disposals 225 3140

4. Electric 514 21,820

5. Coal 1,500 43,200
Grand total, 1979 dollars = 4,110
Grand total, 1985 dollars = 7,240 94,250

*In thousands of dollars; estimated as of third quarter, 1979.

**The 25-year present value, as of the first year of benefit -- in this case
1986. It is obtained by multiplying the annual costs in 1980 dollars times
the values given in Table 3.
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Table 19

West Point -- Summary of Capital Costs for
Gasification Plant and Retrofit of
Existing Boilers*

Line Item

1. Coal delivery and handling
Track work
Railcar unloading building
Coal preparation building
Conveyor to storage
Coal storage silos
Silo hoppers
Conveyor to plant

2. Boiler plant
Gasifiers (5)
Pumping station
Boiler conversion

3. Pollution control
Ash storage

4. Yard work
Electric
Utilities other than electric

5. Pipeline

Subtotal
Contingency at 10 percent

Total capital cost
SIOH at 5.5 percent

Grand total, 1979 dollars
Grand total, 1985 dollars

*In thousands of dollars; costs estimated as of third quarter, 1979.

34

Amount

46
794
159
153

1782
586
191

17,490
4201
764

95

1349
280
1470

29,360
4404

33,764
1857

35,621
50,520




Table 20

West Point -- Summary of Operating Costs for
Gasification Plant and Retrofit of
Existing Boilers*

Item Total 25-yr Py**

1. Labor 1100 15,330

2. Materials ' 675 9410

3. Disposals 150 2100

4. Electric 960 40,760

5. Coal 2143 61,700
Grand total, 1979 dollars = 5028
Grand total, 1985 dollars = 9281 129,300

*In thousands of dollars; estimated as of third quarter, 1979.

**The 25-year present value, as of the first year of benefit -- in this case
1986. It is obtained by multiplying the annual costs in 1980 dollars times
the values given in Table 3.

Table 21

Summary of Conversion Alternatives for West Point

Capital Annual Present Proposed
Alternative Cost* Cost* Staff Staff
Present o0il operation - $10.9 million 22 Not applicable
(NA)
Fluid bed $61.4 million $7.2 million NA 36
Gasification plant $50.5 million $9.3 million NA 44

*Costs are in 1985 dollars.
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Table 22

Summary of Costs, Benefits, and Staff
Requirements for Various Alternatives

Capital Annual Barrels of Energy-
Investment: Cost: 0il Saved to-Cost
1985 Dollars, in 1985 Dollars, in per Year, Ratio Staff
Case-Location Millions Millions Thousands (E/C) Requirements
Case I: Redstone Arsenal
Present practice 0 13.0 - - 10
Rehabilitate/reconvert 19.0 3.4 152 62 28
New central plant 34.0 4.1 152 35 22

Case II: Picatinny Arsenal

Present practice 0 19.9 - - 50
Gasification plant 40.2 12.0 215 44 75
Fluid bed boilers 51.8 9.5 215 34 64
Stoker boilers 57.2 9.9 215 31 65

Case IIl: West Point

Present practice 0 10.9 - - 22
Gasification plant 50.5 9.3 120 20 52
Fluid bed boilers 61.4 7.2 120 16 36
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Table 23

Summary -- Economics of Various Al ternatives*

kil —f
Capital: PV Life- Present- Savings-to- Years
Investment Cycle Cost: Value Savings Investment to
1985 Oollars, in 1985 Oollars, 1985 Oollars, in Ratio (SIR) Payback
Case-Location Millions Millions Millions (B/A) (Straight Line)
Case I: Redstone Arsenal
Present p;actice 0 260 - - -
Rehabilitate/reconvert 19.0 78.0 201 10.6 2.0
New central plant 34.0 90.9 204 6.0 3.8
Case II: Picatinny Arsenal
Present practice 0 380 - - -
Gasification plant 40.2 198 222 5.5 5.1
Fluid bed boilers 51.8 167 264 5.1 5.0
Stoker boilers 57.2 169 268 4.7 5.7
Case IIl: West Point
Present practice 0 210 - - -
Gasification plant 50.5 180 81 C 1.6 3.2
Fluid bed boilers 61.4 156 116 1.9 16.8

*The PY life-cycle cost of the present practice does not include capital investment, since it is a sunk cost, nor
does it include maintenance and utilities, other than fuel, as do the proposed alternatives. Thus, the PV sav-
ings, SIR, and payback are all conservative.

Table 24

Limiting Parameters, Coal Conversions at
Army Installations

Parameters Constraint

Plant site o Sufficient area must be available
close to steam lines and access
roads (rails).

Air pollution control o Apolicable authorities must be
requirements willing to permit plant to operate.
Residue disposal o Appropriate landfill must be
availablz for disposal of system
wastes.

37



Table 25

Life-Cycle Costs

LCcC
Dollars, in Millions
Redstone
Present practice 260
(burn fuel oil)
Rehabilitated/reconverted 78
to burn coal
New coal fired 91
central plant
Picatinny
Present practice 380
(burn fuel o0il)
Coal gasification 198
plant
Fluid bed boilers 167

{coal fired)

Stoker boilers 169
(coal fired)

West Point
Present practice 210
(burn fuel o0il)
Coal gasification 180
plant
Fluid bed boilers 156

(coal fired)
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APPENDIX A

TECHNICAL-ECONOMIC EVALUATION OF COAL CONVERSION

AT REDSTONE ARSENAL, AL

PREPARED UNDER

Purchase Order DACA 88-79-M-0255

by

SCS Engineers, Inc.
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TECHNICAL-ECONOMIC EVALUATION
OF COAL CONVERSION AT REDSTONE
ARSENAL, ALABAMA

1 INTRODUCTION

Background

Redstone Arsenal is a diversified Army installation located in
north-central Alabama near the city of Huntsville. Both personnel and
industrial activities take place; neither is predominant. Installation
energy use averaged approximately 0.23 x 109 Btu/hr in 1979. Energy use

at Redstone is seasonal, as eyidenced by Figure 1,* indicating that space
heating accounts for a large percentage of steam generation.

Two boiler plants, each constructed during World War II, supply the
majority of the steam load at Redstone. Originally coal-fueled, both
facilities were converted to fire 011 in 1972. Accordingly, the boiler
plants are now operated at only partial load.

Due to the advanced age of the steam production plants (both are
nearly 40 years o0ld), new facilities will soon be required at Redstone,
regardless of coal conversion plans. At least one feasibility study ad-
dressing future energy options has been completed, and outlines a number
of alternatives for new c?a1-fired steam capacity, some including elec-
trical energy production.

Figure 2 illustrates the relationship between the two principal
steam plants (referred to as 4725 and 3624) and the two principal
energy-consuming areas at Redstone Arsenal. Also shown is the proposed
site of a new centrally located steam production facility.

Steam plant 4725 is equipped with four 100,000-pph o0il-fired boil-
ers, which were originally designed to be operated on coal. Plant 3624
is equipped with four 60,000-pph boilers of similar background. Plant
4725 boilers were originally fired with pulverized coal, while plant
3624 boilers utilized underfired vibrating grate stokers. Plant 3624
was rebuilt in 1960, including installation of new boiler tubes. Plant
4725 has never been rebuilt, and is presently nearing the end of its
operational life.

1 g1ack & veatch Consulting Engineers, Basewide Energy Systems Plan -
Total Znergy and Selective Znergy, Oraft Final Report DACAQL-77-C-0094,
Vol. 1 (Mobile District Corps of Engineers, October 1979), pp 1-51.

*The Figure numbers in this appendix refer only to the figures in this
appendix and should not be confused with those in the main text.
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Figure 2. Redstone Arsenal, steam generation and use.
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Twenty-four other gas/oil-fired, steam-producing boilers are scat-
tered throughout the installation at 10 different locations (excluding
residential heaters). The largest of these boilers is rated at 30,000-
pph steam. However, most are small units averaging 6,000 pph. To-
gether, these boilers provide 16% (160,000 pph) of the total nameplate
capacity at Redstone.

The steam distribution system at Redstone is in need of major up-
grading, whether or not coal conversion is implemented. The southerly
portion of the area served by steam plant 4725 presently lacks conden-
sate return. Consequently, large volumes of make-up water are required,
and result in inefficient operation (see Figure 2). Additionally, due
to inadequate insulation and 1ine malfunction, steam loss amounts to 10%
throughout the entire distribution system.

The immediate need to improve energy production facilities at Red-
stone Arsenal, and the Army's increased interest in reducing dependence
on imported 0il, are two primary reasons for planning fuel conversion in
the near future. The availability of coal in the northern Alabama area
further pinpoints Redstone Arsenal as a likely location for installation
of coal-fired facilities. This report describes several alternative
strategies for fuel conversion at Redstone, and presents the technical,
economic, and environmental criteria for selection of the most viable
option.

Objective

The primary objective of this study was to evaluate the applicabil-
ity of demonstrated technologies for fuel conversion at Redstone Arse-
nal. Technical, economic, and environmental considerations were in-
cluded in the analysis. A secondary objective was to perform a test ap-
plication of CERL Interim Report E-148, Project Development Guidelines
for Converting Army Installations to Coal Use. This reference was used
extensively for guidance throughout the course of the study.

Approach

Three methods were used to develop project results: literature
search, guideline manuals (specifically CERL Reports E-130 and E-148),
and on-site investigation.

An abundance of references were found to detail the development of
new, industrial-scale coal-fired steam plants, including a recent feasi-
bility study specific to Redstone Arsenal. A great deal less informa-
tion related to the conversion or reconversion of oil/gas-fired boilers
to coal. Apparently, the motivation to undertake coal conversion is so
recent that few applicable publications have yet been circulated.
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CERL reports E-130 and E-148 were used extensively because (a) both
documents are directly applicable to project objectives; and (b) because
test use of these reports is specifically called for in the scope of
work. The project organization and the investigation procedure were
based on those references.

On-site investigation was conducted to inspect existing equipment
and facilities, as well as to interview Redstone operating and supervi-
sory personnel. Additionally, a substantial amount of information per-
taining to energy production and use at Redstone was reviewed and clari-
fied during the site visits.

Scope

This report evaluates the technical and economic feasibility of
converting the heating and power system at Redstone Arsenal (excluding
residential size furnaces) to coal as a primary fuel. Both current and
advanced coal systems, including direct combustion, low- and high-Btu
coal-derived gas, and coal-derived liquid fuel, were considered.

A section of the report addresses specific findings and recommenda-
tions with respect to validation and/or revisions of concept and cost
data presented in CERL Interim Report E-148, Project Development Guide-
lines for Converting Army Installations to Coal Use.
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7 DEVELOPMENT AND EVALUATION OF
CONVERSION CONCEPT ALTERNATIVES

The coal conversion concept alternatives applicable at Redstone
Arsenal can be broadly categorized as follows:

1. New coal-fired central steam plant.

2. New coal-fired satellite plants.

3. Rehabilitation/reconversion of existing plants.
4. New coal Tiquefaction/gasification plant.

A number of variations are possible under each category.

Application of specific operating constraints at Redstone Arsenal
to implementation parameters associated with each concept alternative
determined the two most feasible conversion strategies. Table 1 lists
the major advantages and disadvantages associated with each concept al-
ternative. Table 2 summarizes the principal factors at Redstone Arsenal
which affect concept selection. The following discussion briefly out-
1ines the criteria and rationale for selecting or rejecting each alter-
native.

New Coal-Fired Central Steam Plant

This a1terna§ive has previously received considerable interest at
Redstone Arsenal. A central location is available nearly equidistant
from the existing steam distribution grids of plants 4725 and 3624 (see
Figure 2). Approximately 1 mile of new steam main would be required for
the new facility to tie into each grid. The proposed location is pres-
ently undeveloped, and would require extensive site improvements.

As currently envisioned, the new central facility would utilize two
pu]vgrized coal-fired boilters with residual fuel oil-firing capabil-
ity.” Additionally, one residual fuel oil-firing boiler would be in-
cluded. A1l three boilers would be rated at 192,000 pph. As sized,
only two of the three boilers would be required at any one time, and
only one boiler would be required over 60% of the time.

Suspension-fired pulverized coal boilers with back condensing tur-
bines were specified as the optimum system design in the above-mentioned

Black & Veatch Consulting Engineers, Basewide Znergy Systems Plan -
Total Znergy and Selective Inergy, Draft Final Report DACAQl-77-C-0094
(Mobile District Corps of Engineers, October 1979).

Black & Veatch Consulting Engineers.
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Table 2

Concept Alternative Selection Criteria

Alternative Principal Criteria
New Coal-Fired Central o Extensive feasibility study of
Steam Plant this option already completed.

o \Undeveloped site available
equidistant between existing
plants. ‘

e Economies of scale favor larger
facility.

o Existing plants remain available
as backup.

Rehabilitation and Reconver- 8 Plants were originally designed
sion of Existing Steam for coal use, and most auxiliary
Plants equipment is still in place and

functional.

e MNo new development of distri-
bution system required.

e Able to utilize maximum of
existing development.

o Lowest first cost option.

e Highest direct combustion
recurring cost option.

e £Escape strict air pollutant
emission regulations.

Coal Liquefaction/Gasifi- e Low acceptance of technology by
cation Plant Redstone personnel.

: e Besides development of coal con-
version plant, existing boilers
would require extensive
rehabilitation.

e Highest first cost option.
¢ Highest recurring costs also.

New Coal-Fired Satellite o Lose economies of scale vs. new
Plants central plant.
e Provides little additional
flexibility over central plant.
8 Higher first costs than
- rehabilitation of existing
system.
e Lower recurring costs than
rehabilitation.
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report. Although spreader stoker systems compromise combustion effi-
ciency relative to suspension-fired equipment, the operational and en-
vironmental benefits can offset combustion losses in the specified size
range. Consequently, for the purposes of this analysis, two spreader
stoker-fired boilers, rated at 175,000-pph steam each, will instead be
considered.

Coal would be delivered to this facility by truck, and residues
would be hauled away in a similar fashion. This mode of transport will
be utilized in all four concept alternatives.

Due to its size and regulatory status (new source), the proposed
central p1an£ would be subject to strict federal air pollution control
regulations.”™ However, if the rated size of each boiler were reduced by
only 7%, federal regulations would no longer apply. State air pollutant
emission stagdards for industrial size boilers are considerably less
restrictive.” By avoiding federal New Source Performance Standards
(NSPS), no sulfur oxides control and minimal particulate emissions con-
trol would be required.

At reduced system capacity, central steam generation would result
in maximum control of air pollutant emissions for minimum unit cost.
Additionally, the proposed new plant site is well removed from potential
receptors, whereas the existing steam plants are surrounded by offices
and other inhabited buildings.

No service interruption would occur during implementation of this
alternative due to the independence of the existing and replacement sys-
tems. Start-up and shakedown operations would similarly be unaffected
by day-to-day operational demands.

Implementation of this alternative would also result in an overall
increase in staffing from present levels. Coal-fired steam plants are
inherently more labor-intensive than oil- or gas-fueled facilities.
However, a central facility would require fewer operation and mainte-
nance personnel than any of the other four coal conversion alternatives.

Installation of a new, centrally located coal-fired steam plant was
selected for further consideration in Phase II. Inherent ease of imple-
mentation, high energy efficiency, environmental protection, cost

4 D. G. Streets and T. A. Speciner, Issues Relating to Vew Source
Performance Standards for Industrial Steam Generators, lechnical
Memo ANL/EES-TM-54 (Argonne National Laboratory, June 1979).

5 Rules and Regulations (Alabama Air Pollution Control Commission,
September 1976).
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effectiveness, and redundancy were the major reasons for selection of
this alternative.

New Coal-Fired Satellite Plants

This alternative is essentially a replacement of existing facili-
ties. Little, if any, in-place equipment could be incorporated into the
replacement systems. Two new sites would need to be located, developed,
and tied into the existing steam distribution grid.

Three 100,000-pph traveling grate stoker-type boilers would replace
the four existing boilers at steam plant 4725, and two 100,000-pph tra-
veling grate stoker-type boilers would replace the four boilers at plant
3624. All boilers would be capable of firing residual oil as a backup,
and would utilize the existing oil tank storage complex at each plant.

Two boilers, each at steam plants 3624 and 4725, could be main-
tained as backup for the new systems. These units would continue to
fire 0il as their primary fuel. The two steam distribution grids would
operate independently as they do now.

Use of identical stoker-type boilers at both locations would sim-
plify operation and maintenance activities. More staff will be required
for two satellite plants than for one central plant, but less personnel
than for either the rehabilitation/reconversion or the gasification/
liquefaction option. Similarly, overall energy conversion efficiency
will be less for two smaller plants than for one central plant, but
greater than for system rehabilitation and pyrolysis.

Under Alabama law, allowable particulate emissions from coal-fired
equipment are inversely prgportiona1 to size, i.e., smaller boilers are
allowed greater emissions.” A system consisting of many small boilers
is therefore permitted greater total emissions than a system consisting
of a few lTarge boilers. Total pollution control expense is greater for
the smaller boiler system, however, due to economies of scale inherent
in particulate and SO, abatement. Consequently, relative to a central
system, a series of satellite plants would result in both increasad air
emissions and increased pollution abatement expense.

This alternative offers no major advantage over any of the other
conversion options. Qverall, the two satellite plants are much more
expensive than either a new central plant or a rehabilitated facility.
The capital cost of two satellite boiler plants (excluding facilities)

6 Rules and Regulations (Alabama Air Pollution Control Commission,
September 1976).
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is 20% higher than the cost of a control plant of equal capacity.7
Recurring costs will similarly be higher for two satellite plants than
for one central plant. On the other hand, recurring costs for two new
satellite plants would be considerably less than for the existing fa-
cilities (even after extensive rehabilitation), due to their age and
condition.

Installation of two new satellite steam plants at Redstone was not
selected as a coal conversion alternative for consideration in Phase II,
due to reduced efficiency, higher costs and air pollutant emissions, and
possible implementation problems.

New Coal Liquefaction/Gasification Plant

As an alternative to direct coal combustion, coal liquefaction/
gasification could be utilized to provide suitable fuels for existing
equipment. As applied to Redstone Arsenal, a liquefaction/gasification
plant would be located at a convenient, central site from which pipe
lines would transport the coal-derived oil/gas to steam plants 3624 and
4725. Other smaller steam plants at Redstone would probably be served
by tanker truck.

As noted earlier, steam plants 4725 and 3624 are the two largest
energy production facilities at Redstone Arsenal. Approximately 160,000
pph of gas/oil steam capacity, scattered throughout 24 other installa-
tions, could potentially be coal gas/oil-fired. However, this repre-
sents only 16% of the total Redstone steam capacity.

A number of possible coal liquefaction/gasification technologies
are available, all based upon pyrolysis of coal under elevated tempera-
ture and pressure conditions. Probably the most commercially advanced
coal gasification Brocess is the Koppers-Totzek system, shown schemati-
cally in Figure 3.° Ducting, burner, and control modifications would be
required to fire the 300 Btu/ft’ product gas in existing Redstone
boilers. A downgrading of approximately 40% from oil firing, or 15%
from coal firing, would be required. Due to their age and condition,
rehabilitation of the existing boilers at steam plants 3624 and 4725
would also be required within the next 5 years if coal-derived gas or
0il were used.

7 8. D. Coffin, "Estimate the Cost of Your Next Coal-Fired Industrial
Boiler Plant," 2Power, Vol. 121, No. 10 (October 1977), pp 28-29.

8 E. M. Honig, Jr., and S. A. Hathaway, Application of Moderm Coal

Technologies to Military Facilities, Volume I: Summary of e nare,
Interim Report £-130 (CERL, May 1978).
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Greater environmental control can be exercised through coal gasifi-
cation/liquefaction than through direct combustion. Particulate emis-
sions from the combustion of coal gas are inherently low, as are sulfur
oxides emissions due to the removal of most fuel-bound sulfur in the
pyrolysis process. Additionally, nitrogen oxides emissions are reduced
due to the lowering of peak combustion temperatures. Disposal of pyrol-
ysis residue, or char, can be a problem, particularly if this material
is classified as a hazardous waste. At this time, however, it can be
disposed of in sanitary landfills.

Coal liquefaction/gasification is the least attractive coal conver-
sion alternative at Redstone Arsenal. The primary advantage to coal
liquefaction/gasification is the potential for utilization of the prod-
uct in existing combustion facilities. At Redstone, the existing boiler
facilities have reached the end of their useful 1ife, and would require
a major investment in order to remain operational for the 1ife of the
pyrolysis plant.

Conversion of coal to liquid or gas is still an experimental tech-
nology. Consequently, it is difficult to accurately predict total capi-
tal and operating costs. Operation of a pyrolysis plant at Redstone
would require 30 to 50 additional personnel, many of whom need to be
experienced in chemical plant operation. Additionally, the overall
fuel-energy conversion rate for liquefaction/gasification is low com-
pared to direct combustion technology.

Interviews with Redstone personnel indicate a lack of enthusiasm

- for advanced technology systems. This is due in part to (1) the diffi-
culties involved with construction and start-up of unproven systems; and
(2) the apparent high cost of building both a suitable 1iquefaction/
gasification plant, and of rehabilitating boiler plants 4725 and 3624.

Based on the economic, technological, and operational disincentives

described above, coal liquefaction/gasification was excluded as a final
concept alternative for Phase II.

Rehabilitation and Reconversion of Existing Steam Plants

0f the four strategies under consideration, rehabilitation and re-
conversion of existing facilities would be the simplest, most straignt-
forward, and Teast costly alternative over the short term. Steam plants
3624 and 4725 were both originally designed and constructed to burn
coal. Converting both facilities back to coal would therefore be rela-
tively simple. Without rehabilitation, however, the reconversion to
coal would be only a short-term solution.

It is difficult to assess precisely how much rehabilitation would
be reguired in order to prolong the economic 1ife of each nlant for
another 20 years. For the purposes of this analysis, the worst condi-
tion was assumed: all boiler internals would require replacement, and
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most auxiliary equipment would require a complete overhaul. Addition-
ally, at plant 4725, a new coal storage area would be needed.

As originally designed, the boilers at steam plant 3624 were
equipped with underfired vibrating grates. Plant 4725, on the other
hand, was suspension-fired with pulverized coal. 1In order to standard-
ize maintenance and operation activities, as well as to facilitate reha-
bilitation design and construction, traveling grate spreader stokers are
recommended for use in both plants. Besides the simplicity of opera-
tion, this equipment also minimizes air pollutant emissions.

Originally sized for coal, both boiler plants exceed the necessary
steam generating capacity at Redstone Arsenal. Figures 4 and 5 show the
projected future relationship between boiler capacity and energy demand
after coal conversion for both plants 3624 and 4725. As indicated by
these graphs, at peak demand, the steam load can be supplied by two of
the four boilers at each plant.

Because it does not result in reclassification as a new source, re-
habilitation is subject to much less stringent air pollution control re-
quirements than the new central plant, as currently envisioned. Imple-
mentation of this alternative will be considerably more complex than any
of the new facility options. Construction activities will have to be
coordinated with normal operations requiring a staggered schedule, i.e.,
a maximum of two boilers can be taken off line at each plant at any one
time. Consequently, the construction schedule will be drawn out longer
than normal for conversion of this type.

Utility and steam line work will be similarly complicated. In ad-
dition, start-up and shakedown activities will be more involved, and
consequently more expensive. Assuming only two boilers at each plant
were rehabilitated at one time, two identical start-up and shaksdown
phases would be required.

Staff personnel are already familiar with the system layout at
plants 4725 and 3624, a factor which will considerably facilitate shake-
down. Additional staff required to operate the coal-fired system will
be Timited to five at each plant: two coal pile superintendents, two
boiler operators, and one mechanic. Sufficient storage is available in
the overhead coal bunkers to dispense with coal handling activities dur-
ing the evening shifts.

The capacity of the boilers at plants 4725 and 3624 is well below
the 1imit set for federal air pollution guidelines. Alabama particulate
and sulfur oxides 1imitations are less restrictive than federal regula-
tions. Considering the projected coal usage at Pedstone Arsenal, no
sul fur oxides control and minimal particulate control equipment would be
needed.

Rehabilitation and reconversion of existing steam boiler plants at
Redstone Arsenal was selectad as the second coal conversion concept
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alternative for consideration in Phase II. The low capital cost rela-
tive to the other three alternatives was the primary reason for selec-
tion.

Summary

A new, centrally located coal-fired steam plant was selected as a
final concept alternative both because it offers the highest combustion
efficiency, greatest ease of implementation, and greatest environmental
protection; and because it provides for adequate redundancy. The use of
two satellite plants was rejected because they were deemed inferior to
one central plant on all of these points, and were considerably more ex-
pensive than the rehabilitation and reconversion of existing plants.
Gasification/liquefaction was rejected due to the high cost and unproven
technology.
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3 REHABILITATION AND RECONVERSION OF
EXISTING STEAM PLANTS

As outlined previously, a number of advantages are associated with
the rehabilitation and reconversion of the existing power plants to
coal. Probably the biggest disadvantage is the uncertain degree of con-
version necessary. Based upon performance, past maintenance records,
and on-site inspection, it appears that all boiler internals {including
tubing, refractory, and grating) would require replacement. Addition-
ally, some ducting and all controls would need rehabilitation. In this
chapter, each facet of boiler reconversion is examined and the associ-
ated costs estimated.

Fuel Delivery

A1l of the four primary modes of coal delivery available (truck,
rail, barge, and pipeline) are potentially applicable to Redstone Arse-
nal. A coal slurry pipeline, however, can be rejected immediately be-
cause no existing pipeline is available. Coal usage is too low to just-
ify construction of a special line. Barge delivery is possible (along
the Tennessee River) but impractical, because coal loading and unloading
facilities are unavailable, and coal use is insufficient to justify '
their construction.

Previously, coal was delivered to Redstone via rail haul. After
the conversion to oil, the rail lines into Redstone were removed. The
rights of way and rail beds are still extant. As with pipeline and
barge transport, however, the volume of coal delivered to Redstone is
not sufficient to justify reinstallation of rail lines.

Coal delivery by truck has the twofold advantage of requiring mini-
mal capital improvements, and providing a ready means for ash removal.
The roadways to both power plants are capable of supporting maximum coal
truck axle weights, so no road bed reinforcement is required. Truck de-
livery also provides greater flexibility in coal pile management. At
maximum demand, an average of only three truck loads of coal per day
would be delivered to each plant.

In order to keep track of the quantity of fuel in storage, as well
as providing a reccrd for payment, coal deliveries would be weighed upon
receipt. The small number of daily truck deliveries would not require a
full-time scale operator. The equipment operator (coal bulldozer) could
serve in that capacity.

Fuel Storage

Coal would be at both plants in outdoor piles and indcor bunkers.
At the larger of the two plants (4725), oil tanks now occupy the
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property previously dedicated to coal storage. Figure 6, the view north
from the roof of this facility, clearly shows the remains of the 7-year-
old coal pile emerging from the toe of the dike surrounding the oil
storage tanks. In order to provide sufficient room for future coal
storage, the building visible to the right would be removed or relo-
cated. Delivery would be from the primary road (Rideout Road) visible
in the extreme upper right of the figure.

Figure 6. View North from Plant 4725.

At the smaller plant (3624), the property formerly dedicated to
outdoor coal storage is still available. Some minor improvements in

roadway access would probably be necessary to provide for efficient
truck unloading.

Since the same area that was formerly used for coal storage is
still available at plant 3624, and since the coal to be utilized is
similar in heating value to coal previously burned, outdoor reserve
storage area is assumed to be adequate. At plant 4725, the area re-
quired for outdoor reserve storage can be estimated as:

275,000'(%%)24(%27)(0.8) 90 (days)

2
= 78,222 (ft°)
g.o(lD steam, .. (‘—‘!3-) 15 (ft)
ft

1b coal
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which is based ugon a 90-day storage capacity and a 15-ft (4.8-m) aver-
age pile height. The,area available for reserve storage is estimated
at 78,000 ft= (7,267 m2) if building 4723 is removed. Figure 7 depicts
the boundaries of this parcel. '

The only equipment needed at each site for coal pile management
would be a bulldozer. The amount of coal movement required can be mini-
mized through proper direction of truck deliveries.

Some site preparation will be required at both locations. Since a
portion of the outdoor coal storage area to be used at plant 4275 previ-
ously served another function, the site preparation expense will be
greatest there.

After handling (discussed in the next section), coal would be
stored in overhead hoppers prior to feeding. Each boiler at both steam
plants has one associated hopper capable of holding a two-day supply of
coal at maximum load. No modifications are envisioned for the feed hop-
pers, although flow aids (i.e., shakers) may prove to be necessary.

Fuel Handling

Coal handling at both steam plants will involve conveyance from
outdoor reserve storage to indoor feed bin storage, and size reduction
for stoker firing. At plant 4725, most of the equipment for conveying
and crushing has been dismantled and removed. At plant 3624, this
equipment is still intact. :

Plant 4725 formerly employed an outside crusher located in a con-
Crete pit at the northeast corner of the plant building (southeast cor-
ner of the coal pile). This pit is shown in Figure 8. An opening in
the side of the building, through which the transfer conveyer passed,
has now been sealed. The elevator system within the building is still
intact, but in a poor state of repair.

Rehabilitation of the coal handling and preparation system at plant
4725 would require reconditioning of the crusher/receiving pit, instal-
lation of a new coal crusher, reconnection of the internal coal eleva-
tion system to outside preparation equipment, and a complete overhaul of
the internal distribution system.

95s. A Hathaway, et al., Project Development Guidelines for Converting
Army Installations to Coal 7Jse, Interim Report E-148 (CERL, March 13979).

62



A P

rhhjﬂuﬂuz

STORAGE

Coal storage area - Pla

STEAM PLANT|IEERE

Figure 7.

63



Figure 8. Coal Pulverizer Pit - Plant 4725.

The existing state of coal crushing and distributing equipment at
steam plant 3624 is similar to that at 4725. The coal crushing and re-
ceiving system would require complete repiacement. Coal elevation and
distribution apparatus are in need of major overhaul, with the possibie
replacement of many key parts. It is possible that only the framework
of each system can be salvaged.

Boiler Conversion

As described previously, all boilers in both steam plants 4725 and
3624 were originally sized and designed for coal. When converted to
0i1, the coal feed chutes were disconnected, the grate mechanism was re-
moved, and o1l burners were installed in each boiler. Also, induction
fans were modified to supply additional combustion air as needed. Some
ducting and dampers were remodeled or replaced to accommodate the
greater gas flows.

Some, but not all, of the modifications made when each plant was
converted to 0i1 will have to be remodified with the conversion back to
coal. The cil burners and attachments will be removed, and the coal
feed chutes reattached. ODue to age, the existing boiler internals will
be entirely replaced. This will allow the installation of new traveling
chain grates to replace the underfired vibrating grates at 3624, and the
pulverized coal combustion equipment formerly employed at 4725.

64

v/




New refractory and steam tubes will be installed in each boiler at
both plants. Use of traveling grate stokers will result in minimal mod-
ification to the existing ash collection system. Additional advantages
of traveling grate stokers are the reduction in maintenance costs be-
cause of identical systems at both plants, minimization of air pollutant
emissions, and high combustion efficiency. Since none of the eight
boilers in question was originally designed for traveling grate stokers,
extensive modification will be required for grate mounting and drive.
However, complete drive overhaul would be necessary in any case. Only
minor modification will be required for the coal feed gates if traveling
grates are used.

Though functional, boiler controls currently in use at both plants
are of obsolete design, and do not provide the degree of air pollutant
emission monitoring and control required. New grate controls would also
be required. Consequently, a complete digital control system for both
steam plants is recommended. At a minimum, controls will monitor:

Fuel flow to each boiler.

Air flow to each air port.

Grate speed.

Combustion temperature/pressure.
Steam temperature/pressure.

Steam f1ow.

Exhaust temperature.

Exhaust CO0, and 0, concentration.
Exhaust particulate concentration.

WO~ P W
. . - . . . . . .

Control of these parameters allows the boiler operators to select the
best combinations of boilers and 1oad to minimize air pollutant emis-
sions, and to maximize fuel combustion efficiency. Inclusion of a small
computer system in the controls would improve operator accuracy and re-
sponse time.

Selection of combustion air fans depends upon total system opera-
tion, including the air pollution control equipment. The existing fans
ar2 oversized for coal combustion. However, air pollution control pres-
sure drops may require additional fan horsepower. In order to optimize
system performance and flexibility, the combustion air fans should be
overhauled and rated for boiler air flow only. Air pollution control
exhaust flow requirements will be supplied by equipment that is specific
to this application.

Residue handling capability is still in place at both steam
plants. Figure 9 shows the elevated storage bunker at plant 4725. The
ash conveyer from the plant can be seen in the center of the photo. The
opening througn the wall has been sealed and would require reopening.
Figure 10 shows the elevated ash bunker at plant 3624, which is in a
similar state of repair.
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Rehabilitation of the ash handling systems at both plants would re-
quire renovation of the ash removal locks in the bottom of each boiler,
overhaul of the ash conveyer and elevation systems, and renovation and
repair, where necessary, of the elevated ash hoppers. It is not antici-
pated that any improvements would be required for ash removal vehicle
access. Collected residues would be landfilled on the installation.

Air Pollution Control

Due to relative size differences, air pollutant emission require-
ments (particulates) for plant 3624 are different than for plant 4725.
Because federal emissions requlations apply only 60 new sources, local
(in this case, state) emissions standards app1y.1 Table 3 summarizes
particulate emissions Timitations in Alabama. Redstone Arsenal is loca-
ted in a Class I (Madison) county. Boilers at steam plant 4725, which
burn coal as specified in Section 5, are rated at approximately 109.9
million (Btu/hr) heat input (maximum). Using the formula,

E=1.38 y=0.44 (Eq 1]
where E = emissions in 1b/é06 Btu
H = heat input in 10° Btu/hr

the allowable particulate emissions for each boiler are calculated at
0.17 1b/million Btu per boiler. Similarly, for steam plant 3624, allow-
able particulate emissions are 0.22 1b/million Btu per boiler.

Sulfur oxide emissions would also be affected by state regula-
tion. Madison County is classified as a Class II area for sulfur oxide
emissions, which are limited to 4 1b (}18 kg) of sulfur oxides (measured
as S0,) per million Btu of coal input.

10 £nvironmental Protection Agency, "New Stationary Sources Performance
Standards; Electric Utility Steam Generating Units," 7ederal Rzgistzr,
Part II, 40 CFR Part 60, June 11, 1979.

11 3ules and Requlatioms (Alabama Air Pollution Control Commission,

September 1976).
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Table 3

Allowable Particulate Emissions, Al abama
Emission Based on Heat Input

Allowable Emission (1b/million Btu)

Heat Input

(Mi1lions of Btu/hr) Class I County Class II County

i 0.5 0.8

10 0.5 0.8

20 0.37 0.53

40 0.27 0.35

60 0.23 0.28

80 0.20 0.24

100 0.18 0.21

150 0.15 0.16

200 0.13 0.14

250 0.12 0.12

1,000,000 0.12 0.12

" Rules and Regulations (Alabama Air Pollution Control Commission,
September 1976).
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Based on the projected coal sulfur content of 1.7%, SOx emissions,
measured as SOZ, would be as follows:

Plant 4725:

109.9 x 10° (Btu/hr) x 4 (1b 50,/10° Btu) = 439.6 (1b/hr)
(199.4 kg/hr) maximum SG, emissions

38 (1.7%) = 64.6 (1b SOZ/ton coal) = emission rate

64.6 (1b SO,/ton coal) x 109.9 x 10° (Btu/hr) =+ 14,090 Btu/1b
coal =+ 2,000 (1b/ton) = 251.9 1b/hr (119.7 kg/hr) actual
502 emissions

251.9 (1b/hr) (119.7 kg/hr) <439.6 (1b/hr) (119.7 kg/hr)

Plant 3624:

Allowable emissions = 263.8 1b SO,/hr (119.6 kg/hr)
Actual emissions = 151.1 1b SO,/hr (68.54 kg/hr)

Both plants would therefore be in compliance without S0, controls.
Particulate emissions are not in compliance without some type of

control equipment. Using traveling grate stoker equipment, uncontrolled
particulate emissions from each plant would be:

Plant 4725:

[5 (3.4%)" x 109.9 x 10° (Btu/hr)] = [14,090 (Btu/1b coal) x
2,000 (1b/ton)]

66.3 (1b/hr) (30.1 kg/hr)

Plant 3624:

[5 (3.42)" x 65.9 x 10° (Btu/hr)] < [14,090 (Btu/1b coal) x
2,000 (1b/ton)]

1}

39.8 (1b/hr) (18.0 kg/hr)

* probable coal ash content (see Section 5).
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Allowable emissions are:

Plant 4725:
0.17 1b particulate/10% Btu x 109.9 x 108 (Btu/hr) =
18.6 (1b/hr) (8.5 kg/hr)

Plant 3624:
0.22 1b particulate/10% Btu x 65.9 x 10% (Btu/nr) =
14.5 (1b/hr) (6.6 kg/hr)

Consequently, 72% and 64% control efficiency must be effected for plants
4725 and 3624, respectively.

Referring to Table 4, it appears that adequate particulate control
could be maintained through the use of low-resistance cyclone equipment
at both plants.

Start-Up - Shakedown

Because energy production must continue during the reconstruction
of both steam plants, start-up operations will be complicated. Nor-
mally, 2 to 3 months are scheduled for start-up and shakedown of new
coal-fired industrial boilers. Experience to date with reconverted
steam plants is insufficient to draw general conclusions. Assuming the
boiler plants at Redstone fall into the upper range (i.e., 3 months), a
total of 6 months of start-up and shakedown for each piant, or a total
of 1 year for both, will be required.

Besides scheduling difficulties, start-up and shakedown operations
cannot interfere with normal day-to-day plant activities. Because of
the above constraints, and due to the uncertainties inherent in an esti-
mation of this type, a conservative time period was selected. Total
start-up and shakedown expense was projected to be 2.5 times that which
would be expected of a comparable new facility-

Economic Analysis - First Costs

Table 5 summarizes the estimated capital expense of reconverting
and rehabilitating steam plants 4725 and 3624 at Redstone Arsenal.
Estimates are included for all equipment and services described in the
preceding section. Total first cost for plant 4725 equaled $8.16 mil-
lion. Total first cost for plant 3624 equaled $4.72 million. The total
cost for both plants is $12.88 million, or about 50% of the projected
cost of a new central steam plant. These estimates are in line with
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Table 5

Rehabilitation/Reconversion Capital Cost Estimate

Cost (S) 1980

Item Plant 4725 Plant 3624
Fuel Delivery: " "
Truck Scales 50,000 50,000
Roadway Improvement None 5,000
Total : 50,000 55,000
Fuel Storage:
Bulldozer 90,000 90,000
Building Relocation/Removal 25,000 None
Site Preparation 15,000 8,000
Bin Shakers (Optional)
Total 130,000 98,000
Fuel Handling:
Coal Crusher 315,000 185,000
Elevator System 231,000 126,160
Distribution Conveyer System 147,600 105,000
Total 693,600 416,160
Boiler Conversion:
0i1 Burners/Attachments Removed 176,000 125,000
Coal Feed Chutes Reattached 276,000 210,000
Spreader Stokers (Installed) 3,328,000 2,530,000
Stoker Auxiliary Equipment 738,000 558,000
Refractory Replaced 673,000 501,000
Steam Tubes Replaced 557,000 436,000
Boiler/Combustion Control System 287,000 220,000
Combustion Air Fan Overhaul 185,000 136,000
Total 6,220,000 4,716,000
Residue Handling:
Ash Lock Renovation/Repair 190,000 71,000
Ash Conveyers QOverhaul 80,000 73,000
Ash Elevation System Qverhaul 153,000 84,400
Elavated Ash Hoppers Renovation 260,000 240,000
Ash Trucks 23,000 23,000
Total 703,000 491,400
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Table 5§ (continued)

Cost (§) 1980

Item Plant 4725 Plant 3624
Air Pollution Control:
Low-Resistance Cyclone 87,000 53,000
High-Efficiency Cyclone 135,000 85,000
Induction Fan 24,000 17,000
Subtotal 246,000 155,000
Start-Up 35,000 35,000
Shakedown 83,000 83,000
Grand Total 8,160,600 6,049,560 .

* Direct quote, Cardinal Scale Company.
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other reported reconversion costs. 12 However, considering the age and
condition of each plant, the costs listed in Table 5 are understood to
represent a minimum.

Economic Analysis - Recurring Costs

As was the case with first costs, accurate estimation of recurring
costs associated with boiler plant reconversion is hampered by a lack of
previous industry experience. Recurring costs of this type are in
general a function of investment in first costs (i.e., the more overhaul
comp1e§ed during rehabilitation, the less maintenance required in the
future).

Table 6 presents a breakdown of recurring cost estimates derived
from the minimum rehabilitation scenario described in Tablie 5. Conse-
quently, Table 6 indicates a maximum recurring cost.

Labor costs were distributed among the various categories in pro-
portion to the percentage of manpower consumed and weighted for relative
wage differences. Results indicate that annual operating and mainte-
nance costs for steam plant 4725 are 9% of rehabilitation (i.e., first)
cost; for steam plant 3624, they are 8.5%. Expected recurring costs for
new industrial coal-fired steam plants are normally 3% to 4.5% of the
capital cost. 3

Table 7 presents a summary of recurring cost estimates for major
1ine items excluding a proportional labor distribution. Labor costs are
instead developed as a separate expense.

12 5, a. Hathaway, et al., Project Guidelines for Converting drmy
Installations to Coal Use, Interim Report E-148 (CERL, March 1979).

13 5. A. Hathaway, et al.
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Table 6

Rehabilitation/Reconversion Recurring Cost Estimate

Annual Cost ($/yr)

Item Plant 4725 Plant 3624

Fuel Delivery:

Roadway/Scale Maintenance 2,000 2,000

Scale Operation 20,000 20,000
Total 22,000 22,000
Fuel Storage: *

Bulldozer Maintenance 3,500 3,500

Bulldozer Operation 55,000 55,000

Site Maintenance 7,000 5,500
Total 65,500 64,000
Fuel Handling:

Coal Crusher 0&M 18,000 13,000

Elevator System 0&M 14,800 11,700

Distribution Conveyer System 0&M 11,000 8,400
Total 43,800 $8s 100
Boiler Conversion:

Grate 0&M 129,000 87,000

Fan 0&Mm o 67,000 48,000

Feedwater Preparation 58,300 49,700

Combustion Controls 39,000 34,000
Total 293,300 218,700
Residue Handling: _

Ash Conveyer 0&M 7,600 6,600

Ash Elevator System 0&M 8,300 7,600

Ash Truck 0&M 18,000 15,000

Ash Disposal 0&M 6,500 4,800
Total 40,400 34,000
Air Pollution Control:

Cyclone Q&M 26,900 10,900

Residue Handling 12,000 7,200
Total 38,900 18,100
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Table 6 (continued)

Annual Cost (§/yr)

Item Plant 4725 Plant 3624

Miscellaneous:

Utitities 38,000 25,600
Water 21,200 16,900
Building Maintenance 97,000 60,000
General Maintenance 61,700 38,000
Total 217,900 140,500
Grand Total 721,800 530,400

B Average over 8-year life of equipment.

i Assumes 100% condensate return.
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Table 7

Recurring Cost Summary -
Rehabilitation/Reconversion Alternative

Annual Cost

Item Quantity Unit Cost ($10°/yr)
------------------------------ PLANT 4725-- - mmmmmmmmmmm e
Labor 15 $22,500/man-year” 337.5
Coal 19,500 tons $49/ton 955.5
Maintenance 5,000 hr $11/hr 55.0
Utilities 1.08 x 10° §0.035/kWh 38.0
Water 10.0 x 108 kwn $0.21/gal 21.2

Total 1,407.2
------------------------------ PLANT 3624 === oo mmmmmeeeem oo
Labor 13 22,500/man-year" 292.5
Coal 13,260 tons $49/ton 649.7
Maintenance 3,800 hr | $i1/hr 41.8
Utilities 731,500 kWh $0.035/k4h 25.6
Water 8 x 10° gal $0.21/gal 16.9

Total 1,026.5

* Average yearly expense: wages plus fringe benefits.
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4 NEW COAL-FIRED CENTRAL STEAM PLANT

As described in Section 2, a new, centrally located coal-fired
steam plant replacing both plants 4725 and 3624 has received the most
attention as a replacement system for Redstone Arsenal. The basic lay-
out agg design of this system is presented in the Black & Veatch re-
port. Rather than attempt to duplicate that effort here, only the
major capital costs will be described. Several modifications are sug-
gested to reduce the cost of air pollution control and boiler operation.

Fuel Delivery

The same fuel delivery considerations discussed in Section 3 are
applicable here. At average steam load, between five and six coal
trucks per day will deliver. During periods of maximum Joad, as many as
eight trucks per day will arrive. Consequently, full-time staffing at
the scale house is not required. As was the case with the satellite
plants, the bulldozer operator will double as gate operator.

Fuel Storage

The proposed central steam-generating site will utilize both indoor
and outdoor coal storage. Because the site is presently undeveloped,
adequate area for outdoor storage is not a constraint. The considera-
tions pertaining to establishment of coal storage, presented in Section
3, are also valid for this facility. Coal pile management can still be
accomplished by one bulldozer. Indoor storage will be addressed in a
Tater section.

Fuel Handling

Due to the varying particle size requirements of different stoker
equipment, the fuel handling (i.e., size reduction) operations at the
Jarger central steam plant will be more complex than at the smaller re-
gional plants. Suspension-fired, pulverized coal boilers, for instance,
require that coal be ground to the consistency of fiour (i.e., 50% pass-
ing 200 mesh). Spreader stokers, utilizing a combination of suspension
and grate firing, require coal to be crushed to only a nominal 0.5-in.
(1.3-cm) size. Selection of fuel handiing equipment is therefore nighly

14 gyack & Veatch Consulting Engineers, Basewide Znergy Systems
Plan - Total Fnergy and Selective Znergy, Draft Final Report
DACAQL-77-C-0094, Vol. 1 (Mobile District Corps of tngineers,
October 1979).
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dependent upon boiler type. As currently envisioned, pulverized coal
boilers will be installed at the new central plant. This analysis con-
siders coal for both suspension boilers and spreader stoker equipment
for reasons described in the air pollution section.

Coal from the outdoor storage piles will be moved into the crusher
loading pit by bulldozer. Gravity-fed into the crusher for size reduc-
tion, the powdered/granular coal will be transferred to indoor overhead
coal storage bunkers either pneumatically (powdered) or via bucket ele-
vator and conveyer (granular). Energy requirements for the pulverizer
(ball mi11 or hammer mil11) are high (15 kWh/ton coal), as is the associ-
ated maintenance expense. In contrast, stoker coal may require on1y
screening to eliminate oversized coal chunks. At worst, a crusher is 1
required. Typical coal crusher energy consumption is <1 kWh/ton coal. 5

Site Development and Plant Installation

This alternative involves a newly constructed coal fired steam
plant complex. A 3/4-mile (1.2-km) access road capable of carrying
highway axle weights (22,000 1b) (9,979 kg) will be required.. Site
grading, utility and sewer lines, as well as two l-mile steam mains,
will be cgnnected to the base stream grid. Approximately 3 acres
(12,141 m*) will be dedicated to coal storage, with the attendant im-
provements required for drainage and access.

A boiler plant building, of approximate dimensions 200 ft x 100 ft
x 50 ft (61 m x 30 m x 15 m), will then be constructed using prestressed
concrete slabs. Provision will be made for the necessary offices, con-
trol rooms, locker rooms, etc.

The boilers envisioned for this facility are field-erected. As
currently envlaioned, they would be suspension-fired, and utilize pul-
verized coal. Additiona11y, the boiler size spec1f1gd in the most
recent feasibility report is just sufficient (258 x 10 Bgu/hr to be
subject to federal NSPS air pollution standards (250 x 10" Btu/hr).

15 Jeffrey/Dresser Catalogs, 'Coalbusters,” Technical Bulletin
1145, 1978.

Black & Veatch Consulting Engineers, 3asewide Znergy Systams
Plan - Total Energy and Selective Inergy, Oraft Final Report
DACAQL-77-C-0094, Vol. 1 (Mobile District Corps of Engineers,
October 1979).
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Air Pollution Control

Significant savings in air pollution control expense, both for
first and recurring costs, can_be effected by (1) reducing each boiler
capacity to below the 250 x 100 (Btu/hr) heat input limit, and (2) uti-
1izing spreader stoker grates instead of pulverized coal suspension
firing.

As outlined earlier, State of Alabama air pollutant emission limi-
tations applicable to Redstone Arsenal are calculated for particu]gtes
by using Equation-1. Assuming a maximum boiler rating of 240 x 10
Btu/hr (a downgrading of 7%, or from 192,000 1b stgam/hr to 178,500 1b
steam/hr), allowable emissions would be 0.12 1b/10° Btu, or 29.7 1b/hr
(13.5 kg/hr), at system capacity. Similarly, sulfur ogide emissions
Timitations specific to Redstone Arsenal are 4.0 1b/10° Btu heat input
(expressed as 502). At this rate, the coal to be used would be compli-
ance coal (i.e., at a sulfur content of 1.7%), and the maximum S0, emis-
sions would be 2.3 1b/10° Btu.

Spreader stokers generate considerably less fly ash than do suspen-
sion-fired units. Additionally, significant energy savings result from
the relaxed coal preparation (size reduction) requirements. Uncon-
trg]]ed fgissions from spreader stoker-fired equipment would be 157 1b/
M IBEp. By utilizing a Tow-resistance cyclone, followed by a high-
efficiency cyclone,_controlled emissions could be expected to be in com-
pliance (0.05 1b/10° Btu) (see Table 4).

Start-Up - Shakedown

Because a new central plant would be independent of existing steam
production facilities, start-up and shakedown activities would not in-
terfere with day-to-day operations. Should downtime occur after trans-
fer of primary steam production responsibility to the new plant, the

existing facilities would be available for backup, thus providing redun-
dancy.

Many of the current Redstone operating personnel have coal-fired
boiler experience, a factor which should facilitate training and shake-
down. Since there are no unusual factors which tend to complicate

start-up and shakedown gctivities, the industry average start-up time of
2.5 months is assumed.t

17 U.S. Environmental Protection Agency, Compilation of Pollutant
Emission Factors, Third Edition, Part A (August 1977).

18 "coal: Economical Fuel for Industry?," The 1373 Energy Handbook
(McGraw-Hi11, 1978), pp 101-107.
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Economic Analysis - First Costs

Both first and recurring costs of cyclone equipment are considera-
bly less than for alternate fly ash control devices (e.g., electrostatic
precipitators or bag houses). The use of a spreader stoker, relative to
pulverized coal suspension firing, compromises both combustion effi-
ciency and operating flexibility to a slight degree. At Redstone Arse-
nal, these factors are not critical, and the reduced air pollution con-
trol costs more than it compensates for this loss.

Major cost items associated with coal-fired steam plant construc-
tion are as follows:

1. Boiler(s) (tubes, refractory, shell).
2. Grate mechanism.

3. Stacks(s).

4, Fans.

94 ConErolss

6. Coal bunker.

7. Coal feed mechanism.

8. Feed water treatment.

9. Ash removal system.
10. Air pollution control.

The recent, previously noted Black & Veatch feasibility report,
dealing with the establishment of a new, centrally located coal-fired
steam plant at Redstone Arsenal, arrived at a cost estimate of $60.2
million (1979 dollars) for the recommended system. This estimate in-
cluded some electrical generating capability. Also included was an oil-
fired boiler to be used as backup. However, plants 4275 and 3624 could
also be employed in that capacity.

The Black & Veatch report does not break out cost items in any
way. Fourteen options, ranging from $30.6 million to $122.4 million,
were presented. The level of precision in the report was far in excess
of the scope of work of this project; consequently, the analysis pre-
sented here will be in the form of a check of that data.

The capital cost of new stoker-fired boilers and auxiliary equip-
ment in the range of 100,000- to 200’000-?8h steam is $40 to $47/pph
(Figure 11). The basis for this estimatel” is:

1. A condensate/feedwater system with two 100% capacity pumps, a
make-up water softener, and chemical feed capability, plus a

193, o. Coffin, "Estimate the Cost of Your Next Coal-Fired Industrial
Boiler Plant," Power, Vol. 121, No. 10 (October 1977), pp 28-29.
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Figqure 11. Boiler system capital cost, stoker-Tired

and pulverized coal-fired equipment.
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continuous-blowdown filash tank and a condensate heat recovery
unit.

2. Bucket elevator coal handling.

3. Electric-motor-driven auxiliaries complete with motor-control
centers.

4. Instrument and plant air systems.

(83 ]

Combustion and feedwater controls.

6. 82%-efficient boiler equipped with a mechanical dust collector
and an economizer.

For two 175,000-pph boilers, capital costs would be $17.64 million
(1976) 80rrecting to 1980 dollars, this estimate increases to $21.5
m1111on The total cost estimate increases by approximately $4 mil-

lion with the addition of such site-related factors as:

Site preparation and grading.

Access roads.

Ash disposal beyond the storage silo.

Coalyard preparation, reclaim system, and drainage control.
Raw water supply, pumping, and storage.

Steam and condensate piping beyond the powerhouse walls.
Boiler house.

~SNOYUL S W)
- L] - L] - . .

The total cost estimate for this alternative is summarized in Table 8.

The capital cost estimate presented in Table 8 compares favorably
with the economic analysis in the Black & Veatch report. Therefore, the
total first cost of establishing a new central steam plant at Redstone

Arsenal can be reliably estimated in the range of 326 million to S30
million.

Economic Analysis - Recurring Costs

Annual operating and maintenance costs can be broadly categorized

as:

1. Fuel handling.

2. Boiler operation.

3. Residue handling.

4. Air pollution control.
20

1380 Dodge Cuide (Public Works and deavy Construciion), McGraw-Hill
Information Service Company.
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Table 8

New Coal-Fired Central Steam Plant
Capital Cost Summary

Item Cost ($)
Boiler System (two at 175,000 pph) 21.5 x 10°
Site Preparation and Grading* 180,000
Access Roads" 25,000
Ash Disposal 800,000
Coalyard Preparation* 275,000
Water Supply 175,000
Steam Distribution 680,000
Utilities 300,000
Boiler House 1.5 x 106
Total 25.4 x 10°

1980 Dodge Guide (Public Works and Heavy Construction), McGraw-Hill
Information Service Company.
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These cost items are presented in Table 9. Labor coéts are distributed
among the various categories in proportion to the percentage of manpower
consumed and weighted for relative wage differences.

As indicated in Table 9, recurring costs for the large central
plant are in many instances less than for either of the smaller rehabil-
itated plants. Recurring costs for this alternative constitute 3.4% of
the capital investment, as compared to approximately 9% for the rehabil-
itation option.

Table 10 presents a summary of estimated recurring costs, including
costs for labor and fuel. Assuming an economic life of 20 years for
each alternative, the following comparison of present worth is
presented:

Present Worth ($x109)
Interest Rate (%) Rehab/Reconvert New Plant

10 - 24.9 32.1

Thus, based on economics alone, the rehabilitation/reconversion alterna-
tive appears to be the most attractive.
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Table 9

New Coal-Fired Central Steam Plant
Recurring Cost Summary

Item Annual Cost (S$/yr)

Fuel Delivery:

Roadway/Scale Maintenance 8,000

Scale Operation 25,000
Total 33,000
Fuel Shortage:

Bulldozer Maintenance 5,000

Bulldozer Operation 90,000

Site Maintenance 23,000
Total 118,000
Fuel Handling:

Coal Crusher 0&M 37,000

Bucket Elevator System 0&M 15,000

Distribution Conveyer System 0&M 12,700
Total 64,700

Boiler Operation:

Grate 0&M 239,000
Fan 0&M 2 92,000
Feedwater Preparation 67,500
Combustion Controls 45,000
Total 443,500
Residue Handling:
Ash Conveyer System 0&M 8,800
Ash Elevater System 0&M 9,600
Ash Truck 0&M 22,000
Ash Disposal 0&M 13,000
Total 53,400
Air Pollution Control:
Cyclone 0&M 47,000
Residue Handling 15,000
Total 62,000
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Table 9 (continued)

Item

Annual Cost (S/yr)

Miscellaneous:
Utilities
Water
Building Maintenance
General Maintenance
Total

Grand Total

* Assumes 100% condensate return.

87
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Table 10

Recurring Cost Summary -
New Coal-Fired Central Steam Plant

Annual Cost

Item Quantity Unit Cost ($10°/yr)
Labor 22 22,500/man-year " 495
Coal 32,760 tons $49/ton 1,605
Maintenance 2,200 hr $11/hr 24.2
Utilities 1.63 x 108 kwh $0.035/kM4h 57.0
Water 8.5 x 10° gal $0.21/gal 18.0

Total 2,199.2

* Average yearly

expense:

wages plus fringe benefits.
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5 COAL CONVERSION FUEL CONSIDERATIONS

The motivation to convert Army installations from oil- or gas-based
energy systems arises from an attempt to reduce dependence on foreign
0il, and thereby 1imit vulnerability to supply disruption. Any domesti-
cally produced fuel, besides o0il and gas, would help to attain these
goals.

Because of its abundance, coal has been targeted as the primary
fuel to replace o1l and gas. There are a number of sources of coal
within economic transport distance of Redstone Arsenal. Before 1972,
when the principal fuel used at Redstone was coal, supplies were ob-
tained from deposits near Jasper, approximately 115 miles from Red-
stone. This coal is typical of northern Alabama bituminous deposits
ranging from 12,000 to 15,500 Btu/1b, 0.6 to 2.0% sulfur, and 2 to 15%
ash. The price of northern Alabama coal currently ranges from $25 to
$50 per ton, lower sulfur coal commanding the higher price.

In order to determine the characteristics of coal currently avail-
able for use at Redstone, an inquiry was made at the Defense Logistics
Agency, Defense Fuel Supply Center. Based on responses to a request for
bids for coal supplies to Anniston Army Depot, Alabama (85 miles from
Redstone Arsenal), the information in Table 11 was obtained. The mean
values indicated that a coal containing 2.9% ash and 0.8% sulfur could
be obtained, with a mean heating value of 14,660 Btu/1b. The apparent
low bidder, transportation notwithstanding, would be Southeastern Com-
pany, in Natural Bridge, Alabama.

The distance from Natural Bridge to Redstone is 95 miles. This
coal has the following characteristics:

3.4% ash.
1.7% sulfur.

e
2.
3. 14,090 Btu/1b.
4. S42/ton.

Transportation expense would be $7/ton/100 miles shipped. All calcu-
lations performed in the course of this study were based on the above
data.

At 349 per ton (delivered), the coal use for Redstone Arsenal would
cost:

32,760 tons/yr x $49/ton = S1.6 million
This compares with present fuel 0il expense as follows:

152,000 bbl/yr x $21/bbl = $3.2 million
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Consequently, coal conversion will save approximately 50% of the current
base fuel bill.

Alternate Fuels

As an a1terna%ive to coal conversion, the possibility of utilizing
a nonfossil fuel at Redstone Arsenal was investigated. Possible fuels
included:

1. Solid waste.
2. Hog fuel.

3. Peat.

4., Bio-gas.

Due to the large percentage of office waste generated at Redstone,
solid waste characteristics are more attractive for energy recovery than
typical municipal refuse would be. However, the waste volume is insuf-
ficient (less than 100 tons per day) Eo justify the expense of solid
waste processing for coal co-firing.2

Alternatively, the implementation of resource recovery using modu-
lar incineration with waste heat recovery is very attractive, and in
fact is being pursued at Redstone. Design of a system consisting of two
package incinerators, sized to handle 60 to 80 tons of waste per day, is
in progress. Steam produced from these units would be used in an area
not presently served by steam plants 4725 or 3624.

Hog fuel or wood waste is used to fuel industrial boilers in many
areas of the country, particulariy the Pacific Northwest (lumber mills
have for many years employed hog fuel-fired boilers). Consequently, the
technology for wood combustion is well developed.

During the course of site investigations, wood waste availability
in the Huntsville area was researched. Lumbering activity is not as ex-
tensive in northern Alabama as on the other side of the Appalachian Moun-
tains in Georgia and North Carolina. One particle board facility in the
Huntsville-Decatur area consumes most local waste wood, and imports ad-
ditional supplies from as far as 150 miles during certain periods of the

year. 'Waste wood for use as hog fuel is therefore not considered abun-
dant in the Huntsville area.

2l scs Engineers, Inc., Small-Scale and Low-T2chnology Resourze
Zecovery Study (Municipal Environmental Research Laboratory, 1979).
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Peat is not presently used for fuel in_the United States, although
it is used extensively in the Soviet Union. Peat is rated at approxi-
mately 3,600 Btu/1b after drying (25% moisture), or about 1/4 the value
of coal. Although possible peat deposits could be exploited for use at
Redstone, no information is available on their extent or cost. Peat use
was therefore judged to be an impractical option.

Bio-gas can be derived either from specially constructed digesters
or from landfills. In either case, a blend of methane, carbon dioxide,

nitrogen, water vapor, and trace gases results in a heating value rang-
ing from 200 to 600 Btu/scf.

Use of digesters provides a greater degree of control over the
quantity and quality of gas available for combustion compared to land-
fill extraction. Sewage sludge can also be utilized in the process.

The quantity of wastes available for charging gas digesters at Redstone,
however, is not sufficient to fuel even one existing boiler at steam
plants 3624 or 4725. A maximum of 100 tons per day of waste, which
produces approximately 60,000 scf of gas, is available (assume that gas
equals 900 Btu/scf and that 1 1b £0.45 kg] of waste generates 3 sgf
[0.08 m”] of gas) 23 This quantity of gas (equivalent to 360 x 10° Btu)
would operate the smallest boiler at plant 3524 only 5.4 hr per day at
maximum load. Additionally, 60 to 80 tpd of waste are not available for

digestion, since it has been dedicated to fuel two planned modular
incinerators.

Bio-gas is potentially available at Redstone from an on-base land-
fill. Estimates of the quantity of recoverable gas from this fill indi-
cate that insufficient volumes are available for steam p]ant operation.
The Redstone landfill contains approximately 0375 X 106 in-place tons of
refuse. Assuming a generation rate of 0.15 ft° of methane per pound of
in-place refuse per year, the production Eate at the Rgdstone landfill
could potentially be as high as 52,000 ft°/hr (1,473 m°/hr). This gas
is rated at 500 Btu/scf, and would fuel the smallest boiler at plant
3624 for less than 3 hr per day at maximum load. Although one of the
smaller boilers on base could possibly be converted to fire landfill
gas, a complete engineering investigation needs to be completed to as-
sess the technical and economic feasibility of this option.

The use of alternate fuels in the heating and cooling system at
Redstone Arsenal is neither technically nor economically feasible.
Quantities available are insufficient to supply a significant portion of
the installation's energy (steam) demand. Possibly some of the less

22 a2, L. Loftness, Znergy Handbock (Van Nostrand Company, 1978).

23 U.S. Environmental Protection Agency, 3esourcz 2zccvery DPlant
Implamentation/Technologies (SW-157.2), 1977.
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developed areas at Redstone, served by their own small boilers, could be
converted to utilize alternate fuels. Waste incineration with heat re-
covery is already planned and will consume over 50% of the available
solid waste.
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6 GUIDELINES APPLICABILITY

CERL Interim Report E-148, Project Development Guidelines for Con-
verting Army Installations to Coal Use, was used extensively in the
course of this study. During each project phase, the applicability of
E-148 was evaluated for completeness and accuracy (with respect to cost
information). In general, E-148 was found to adequately address the
relevant factors affecting Army scale coal conversion activities. Three
areas were identified in which a slight expansion of the report scope
would provide additional clarification and applicability: (1) prelimi-
nary conceptual system design, (2) preliminary identification of 1imit-
ing constraints, and (3) expanded referral to technical references.

At Redstone Arsenal, certain key factors made selection of one sys-
tem preferable over other alternatives; this would possibly be the case

at other Army installations. The controlling parameters were found to
be:

1. Status of existing system.
2. Profile of energy demand.
3. Fuel characteristics.

Consequently, a preliminary conceptual system can be easily developed
utilizing these factors and any significant site-specific parameters.
Subsequent investigation may indicate that a different approach is de-
sirable; however, a preliminary determination based on the above guide-
1ines should prove accurate. g

Preferably, the preliminary conceptual design guidelines would be
presented in a format suitable for use by persons without extensive
technical background. Figure 12 is an example of such a presentation.
Ideally, a flow chart of this type could be developed for application to
a wide variety of Army installations. An associated work sheet for

development of preliminary project data would also facilitate design
efforts.

There are a number of constraints associated with the installation
and operation of coal-fueled, power-generating facilities which 1imit
their applicability. Most of these constraints are addressed in E£-148;
however, it would still be beneficial to summarize them for ease of
reference.

A good example of a limiting parameter is air pollutant emission
regulations. In the South Coast Air Basin of California, for example,
coal conversion would not likely be permitted regardless of control
equipment. Another example of a possible limiting factor is fuel avail-
ability. A brief listing of the major limiting parameters and their
constraints could save substantial wasted effort. An example list is
presented in Table 12.
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Table 12

Limiting Parameters, Coal Conversion at
Army Installations

Parameters Constraint

Plant Site e Sufficient area must be available
close to steam lines and access
roads (rails).

Fuel Availability o Alternate fuel must be available
in sufficient quantity at economic
price for the life of the plant.

Air Pollution Control o Applicable permitting authorities
Requirements must be willing to permit plant
for operation.
Residue Disposal ® Appropriate landfill must be
available for disposal of system
wastes.
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The scope of E-148 is to serve as an introduction rather than a
complete guide to coal conversion. Although a number of excellent ref-
erences are listed in E-148, an expanded bibliography would facilitate
and standardize project development. Cost data presented in E-148 is
necessarily vague; wide cost ranges are necessitated by the many diverse
factors which impact project economics. For example, flue gas desul fur-
ization sludge disposal systems are reported to cost (capital) from
$2,000,000 to $10,000,000. This represents an "order of magnitude"
estimate, and should be reinforced by adequate references.

In summary, E-148 provides a comprehensive introduction to Army
scale coal conversion activities. All major factors affecting project
development are addressed. The report progresses logically, and is

easily understood. Cost estimate ranges were found to compare favorably
with other published information.
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7 CONCLUSIONS AND RECOMMENDATIONS

Conclusions

Without extensive overhaul, the present steam generation facilities
(plants 4725 and 3624) at Redstone Arsenal will be in need of replace-
ment within 3 to 7 years. Consequently, in order to avoid the double
expense of constructing a new facility and rehabilitating existing
equipment (or risking service breakdowns), preliminary efforts must be
continued toward a replacement system.

Conversion of the heating and power system at Redstone to coal as a
primary fuel is technically and economically feasible. Direct combus-
tion technologies are the most attractive options. Rehabilitation and
reconversion of existing steam plants present the lowest first cost op-
tion. However, construction of a new central steam plant is the least
complex and most reliable option, has the lowest recurring costs, and
provides the greatest energy efficiency and environmental protection.

Al ternate fuel use is not practical for large-scale energy genera-
tion at Redstone. However, its use would be practical for small-scale,
localized steam production.

CERL Interim Report E-148, Project Development Guidelines for Con-
verting Army Installations to Coal Use, is a valuable reference for
initiation of project developers in the problems and considerations
associated with coal conversion. This document is comprehensive and
progresses in a logical manner. Several minor additions are recom-
mended.

Recommendations

Work should continue toward the design of an improved energy pro-
duction system at Redstone Arsenal. A comprehensive survey of existing
steam plants 4725 and 3624 should be initiated to determine the extent
of rehabilitation required to prolong the life of these plants for a
minimum of 20 years. Refined cost estimates should be prepared for more
precise comparison of rehabilitation and new construction.

Use of pulverized coal boilers in the new facility design should be
reevaluated. Specifically, boiler size and type should be reevaluated
with respect to air pollution control requirements.

Use of waste materials as fuel should be considered for areas re-
mote from steam plants 4725 and 3624. In particular, implementation of
modular incineration with waste heat recovery should be expedited, and
the potential of energy recovery from landfill gas investigated.

98




Minor additions to CERL Interim Report E-148 should be considered
in order to summarize and clarify the guidelines presented in that
. document.
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1.0 INTRODUCTION

The United States Army Construction Engineering
Research Laboratory has been developing a considerable data
base for conversion to coal as the primary fuel at U.S. Army
facilities. This study forms a part of that continuing
effort. The scope of this study is to assess the technical
and economic feasibility of converting the heating and power
systems to coal as the primary fuel at the United States
Army Arsenal at Picatinny, New Jersey. O0il firing capability
would be retained to assure operation if coal became unavail-

able for a brief time.

Picatinny Arsenal is a critical facility supporting vital
elements of United States Army weapon programs. Manufacturing
operations have been reduced over the last several years

with a greater emphasis on research and development. This
change is reflected in the steam and electric requirements

of the base.

The Arsenal power plant has three boilers operating at 420
psig and 650°F. Two are rated at 160,000 lb/hr and were
converted from an original pulverized coal firing system to
their current oil/gas regime; these boilers were manufactured
in 1943. The third boiler, rated at 50,000 lb/hr, manufactured
in 1971, is a packaged oil fired unit. The power plant also
has three turbine generators. Two, rated at 3,000 kW each,
are of the double automatic extraction-condensing type.
Extraction pressures are 125 psig and 60 psig. These were
manufactured in 1941 and 1953. The third turbine, rated at
1,500 kW is of the single extraction type at 125 psig,
manufactured in 1937; it was decomissioned because of the
improved efficiency of the newer turbines and the decreasing

need for the higher pressure steam.
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There are two sources of electric power for the facility:
(1) purchased power from Jersey Central Power and Light
Company and (2) the Arsenal Power Plant at Building 506.
Currently the facility operates with significant condensing
generation and provides base load operation; the utility
supplies peak demands.

Consideration in this study is given to both current and
advanced coal systems including direct combustion (in suspen-
sion, on a grate and fluidized bed combustion) and production
and firing of gas and liquid derived from coal. Three coal
conversion alternatives are analyzed and evaluated. Advanced
technologies have been limited to those that would be suitable
for design within the next two years, as operating plants

and not as demonstration projects.

Historic fuel and steam usage patterns have been established
and projections of future use have been made. Due to the
changing function of Picatinny Arsenal, a reduction in both
peak and average loads is anticipated. Table 1-1 shows

current and project load and fuel requirements.

In reviewing the possibilities of coal conversion, the
existing plant, equipment and site must be evaluated and
alternatives sought, where necessary. These evaluative
factors are discussed in Section 2.0 of this report. Section
3.0 deals with the application of identified technologies to
a specific site at the Arsenal. The economic analysis is

provided in Section 4.0.

Current literature has been reviewed in preparation of this
report. A bibliography is appended.
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TABLE 1-1

STEAM AND FUEL REQUIREMENTS

I. STEAM
A. Current
Annual 1.24 x 109 1b/year
Peak 212,000 1b/hr
Average 140,000 1b/hr
B. Projected
Annual 1.04 x 109 1b/year
Peak 200,000 1lb/hr
Average 120,000 l1lb/hr
II. FUEL*
A. - Current 0il Coal
Annual 10,700,000 gal/yr 65,000 tons/yr
Peak 1,830 gal/hr 11 tons/hr
Average 1,210 gal/hr 7.3 tons/hr
B. Projected
Annual 9,000,000 gal/yr 55,000 tons/yr
Peak 1,730 gal/hr 10.4 tons/hr
Average 1,040 gal/hr 6.3 tons/yr

*Based on fuel oil at 145,000 Btu/gal, and coal at 12,000 Btu/lb.
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2.0 GENERAL DISCUSSION OF OPTIONS

The desirability of converting to coal from gas or
oil thereby extending natural resources and reducing dependency
on imported fuel is well established. This Section presents
a general discussion of conversion, with some reference to
the requirements at Picatinny Arsenal. Section 3.0 discusses
the specifics of conversion at the Arsenal. The feasibility
of such a conversion requires rigorous investigation of
alternatives before an assessment can be made. While many
alternatives exist, there are three major conceptual methods

for deriving usable energy from coal:

direct firing;

conversion of coal to gas with subsequent
firing;

e conversion of coal to liguid with subsequent
firing.

An assessment of the use of these methods must take into

account, in addition to the capital and operating costs, the
following factors:

e ability of the process to meet energy demand

efficiently;

e equipment redundancy in existing plant to

allow continued operation during modification;

e ability of existing equipment to be retro-
fitted;

@ available area within the existing plant to

allow for conversion;

® available area around the existing plant

for storage and coal handling.
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Each of the evaluative factors affect the overall assessment
differently. For example, should an existing plant not be
large enough to allow for a conversion to a specific process,
this would be of major concern. This concern would be
lessened if an alternate site would be found and almost
eliminated if a suitable area existed adjacent to the present
plant to allow for efficient conversion. All of the factors
have this interrelationship, with the exception of the

first: the ability of the method to meet the energy demand
efficiently. Where the inherent nature of process requires
fuel production well in excess of demand, that process

cannot be considered. Of the three methods reviewed, only
direct-firing of coal has both been historically proven and
can be sized to produce steam in the range required at the
Picatinny Arsenal. Gasification of coal, in its low-Btu and
medium-Btu forms can also be sized to efficiently meet

energy demand, but is only currently establishing an operating
record. Liquefaction of coal requires a facility of relatively
large size to operate efficiently; an energy demand in the
range of that required at the Picatinny Arsenal would not be
expected to operate efficiently for any long term. When

this factor is coupled with the state-of-the-art of liquefac-
tion as a developing technology, further consideration of
converting coal to liquid fuel at the Arsenal must be elimin-
ated. Should a community or utility sized plant be considered
in the future, assuming other users would be interested in

pooling resources, this technology might be reinvestigated.

2.1 Equipment Redundancy

The existing plant must be reviewed from several
points-of-view. Perhaps the most important aspect is the
redundancy of existing major equipmnent. The desired redundancy
is such that, for example, one boiler can be removed from
service for the period of time required for retrofitting or
replacement without adversely affecting the energy supply to
the facility.

109



The Picatinny Arsenal Power Plant contains two 160,000 1b

per hour boilers and one 50,000 1lb per hour boiler. The
peak demand at Picatinny is 212,000 1lbs per hour and the
average demand is 140,000 lbs per hour. The projected peak
demand is 200,000 1lbs per hour and the projected average
demand is 120,000 lbs per hour. Sufficient redundancy,
therefore, exists to remove a boiler from service for retrofit
or one-for-one replacement; however, scheduling must be .
adhered to in order to avoid peak periods of demand which
can be met only at full capacity. If 100,000 1lb per hour
boilers are substituted for the existing equipment, as will
be recommended, the conversion of the third boiler should

not be concurrent with peak demand.

2.2 Retrofit of Existing Plant

We next consider the possibility of retrofitting

the existing plant as a less costly alternative to replacement.

In the general case such retrofit would include a complete
new installation of coal handling and storage equipment and
facilities, as well as the actual modifications to the
boilers. In general, the retrofit would include:

e installation of spreader stoker and grate
equipment, generally involving the removal
of the oil burners to accommodate this

equipment;
e addition of ductwork and fans to provide
sufficient air to the area beneath the
. coal grate;

e modification to combustion control systems;

e ash collection and reinjection systems;

110



® emissions control systems, which may include
cyclone collectors, electrostatic precipi-
tators or fabric filters and flue gas desul-

furization equipment;

e ash and chemical storage space and loading

facilities.

The new coal handling equipment, which would be required for

either retrofit or replacement includes:

coal receiving and unloading facilities;
conveyor systems;

scales, hoppers and chutes;

storage facilities;

coal spreader with feeder assembly;

leachate control and treatment facilities.

In considering gasification of coal, new handling equipment
similar to that needed for direct firing would have to be
installed. In addition to boiler modification, a gasification

plant would be required.

A typical gasification plant would include the following

basic systems:

e coal pretreater (not required in some
systems with certain types of coal);
gasifier;

steam supply (source steam, waste product
boiler or integral system);

air supply (for low-Btu gas);

oxygen supply (for medium and high-Btu gas);

slag and char removal, handling and storage;

gas stream clean-up (which includes some

or all of the following equipment: cyclone
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collectors, scrubbers, electrostatic pre-
cipitators, desulfurization system, oil,
tar and sulfur storage);

shift converter (high-Btu gas);
methanator (high-Btu gas);

gas distribution system.

Requirements for systems and equipment vary with the specific
process, type of coal to be used and end use of the gas
product. For example, coal pretreatment is not required for
many non-caking coals and certain gasifiers; gas stream
clean-up requirements may not include desulfurization if low
sulfur coal is used, and particulate removal requirements
vary with end use.

Boiler modification from oil to gas firing is relatively

simple for high-Btu gas and somewhat more difficult for low

and medium-Btu gas, in the general case, because tolerances

for efficient combustion are narrow. The burner and combustion

controls must be replaced or, at least, revamped.

Low-Btu gas is relatively inefficient when combusted directly
because of low flame temperature and finds better application
in industrial processes, although it has been successfully
used for heating on a demonstration basis. Low-Btu gas is
well suited for use in gas turbines, but an extremely clean
gas stream is needed to prevent particulate buildup and
turbine blade damage. Medium-Btu gas is manufactured by
processes similar to low-Btu gas, with oxygen substituted

for air. This process is more efficient than the low-Btu
process, but requires the construction and operation of an
oxygen plant. Both types of gases are processed through
gasifiers which are becoming increasingly commercially
available in small enough sizes to allow multi-train modular

installation for the typical demand at Picatinny. High-Btu

112




gas is processed on a much greater scale than the low and
medium-Btu gases and cannot be efficiently produced at a

scale to match the demand level under consideration.

In addition to the retrofit and new equipment necessary to
use gasified coal, provisions must be made to collect and
store by-products, both saleable and waste, that result from
these processes. Since storage of sufficient quantities of
gas to satisfy demand in the event of outages is impractical,

alternative fuels must be provided.

The Picatinny Arsenal Power Plant was formerly coal-fired,
but none of the equipment needed for reconversion to coal-
firing or handling coal for gasification is currently in
place. The railroad tracks, necessary for transportation,
appear to be in operational condition. All other facilities,

from unloading outward, must be constructed.

The retrofitting of the boilers has been discussed in a
general sense. Now consider the specific boilers in place
at Picatinny. The two major boilers are 160,000 1lb per hour
oil/gas-fired, built in 1943. These units were originally
designed to fire pulverized coal. The third boiler is a
50,000 1lb per hour oil-fired package unit, built in 1971.
Reconversion of the two larger units is not considered cost
effective. The newer unit can not be retrofitted for coal
firing due to tube configuration and space requirements for

this package unit.

2.3 Replacement of Existing Equipment

Preliminary boiler sizing indicates that three
boilers rated at 100,000 1lb per hour each would meet the
range of steam demands efficiently, with flexibility to
provide steam requirements using one or two units, reserving

the third for standby. Replacing the existing equipment
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with 100,000 lb per hour boilers on a one-for-one basis is
possible, but only if rigid scheduling is adhered to, since
sufficent redundancy to meet peak demands will not exist at
all times during the conversion process. In addition, major
modifications would be required to the building enclosure to
allow for the new boilers and to bring the existing structure
up to uniform standards. The extensive modifications that
are required are not considered cost effective when compared

to investing in a new building.

2.4 Site Constraints at the Existing Plant

With a direct-firing option, a new boiler plant
would be required. If gasification was considered, a retrofit
could be designed for the existing plant and a new process
plant built. Prime consideration should be given to sites
adjacent to or in the immediate vicinity of the existing
plant for the new boiler plant or a gasification process

plant.

The most important site requirements for direct firing or
gasification of coal include accessibility by rail; sufficient
area for storage of coal, ash and by-products, if any; and
environmental considerations. The railroad track is in

place and appears to be in operational condition, satisfying

accessibility criteria.

Good practice demands that a thirty day supply of coal be
stored on-site, and that sufficient space be allocated for
storage of a ten day production of ash and by-products from
the gasification process. In addition, the plant should
have the capability of burning fuel oil, on a standby basis,
to assure reliability. Thus, fuel oil storage is also

required.
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Picatinny Arsenal fired coal previously. The site of the
original coal pile would be favored as the storage location
were coal firing reinstated. This site does not interfere
with the existing o0il tanks, allows them to be used for
standby and takes advantage of the rails and switchgear
already in place. The site is sufficiently close to the

existing plant to minimize new piping.

2.5 Summary of Option Selection

Figure 2-1 is a summary of the above discussion.
It compares, on a simplified "yes-no-maybe" basis, the
various coal-use options against the major factors used in
the evaluation. Displayed graphically is the difficulty in
retrofit or replacement of existing boilers because of lack
of redundancy, the marginal capability of the plant to
accept new units and the availability of adjacent land.
Naturally, not all of these factors are equally weighted.
As discussed, the output of high-Btu gas or synthetic liqguid
fuel o0il is inherently inefficient with respect to demand, a
fact sufficient to eliminate consideration of these processes.
The three remaining -- direct firing of coal, low-Btu and
medium-Btu gasified coal -- are each considered viable

processes to be further explored for the Picatinny Arsenal.
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3.0 APPLICATION TO PICATINNY ARSENAL

The viable options for converting from fuel oil to
coal at the Picatinny Arsenal are direct firing of coal or
gasification into low-Btu or medium-Btu gas. Either process

can be implemented adjacent to the existing power plant.

3.1 Environmental Considerations

Environmental regulations exist covering source
fuel and emissions for air pollution and discharge components
and temperature for water pollution. These regulations,
promulgated by all levels of government, have been considered
in our analysis of the various systems. Table 3-1 summarizes
the applicable air pollution standards for coal-fired boilers.
No standards for the gasification plant exist at this time.
If standards were promulgated, we feel they would be similar
to 40CFR60, Subpart J, Section 60.100 of the Primary
National Air Standards, which we have considered in this
report. Should regulations be developed which are substanti-

ally different than anticipated, impact on cost could result.

3.2 Storage Considerations

Production of steam or gas requires that coal be
received and stored at the Plant site. Railroad trackage is
available, which includes a siding. A trackhouse, thaw-pits
and unloading facilities are required. The trackhouse for
unloading is provided to protect against escape of fugitive
dust during off-loading. The coal should be stored in the
vicinity of both the trackhouse and plant.

A variety of coal storage techniques are available. In

order of increasing costs, these are:

open pile
uncovered, walled enclosure

silos

reclaim building
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TABLE 3-1

SUMMARY OF APPLICABLE AIR POLLUTION
STANDARDS FOR COAL FIRED BOILERS

A. Emissions
Smoke ! No visible smoke permitted
Particulates 16.5 pounds per hour
Sulfur Dioxide? 0.3 1b/10° Btu heat input

B. Sulfur Content of Compliance Fuel: 0.2%

cC. Clean Air Act Permitted Increments to Ground Level

Concentrations of Existing Air Quality?®

Sulfur Dioxide

Annual 20 ug/m3
20-Hour 91 ug/m3
3-Hour 512 ug/m3
Particulate
Annual 19 ug/m3
24-Hour 37 ug/m3

l. Exclusive of water vapor.

2. Heat input is the sum of all boiler inputs discharging
through a single stack.

3. May not be applicable according to newly proposed rules.
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Although coal was stored in the open when Picatinny originally
fired coal, in light of present environmental considerations,
open storage must be considered unacceptable. A walled
enclosure 105 feet by 360 feet truncated to conform to the
railroad tracks would be required for a 30-day supply of
coal. A bottom liner will control the leachate and enable
collection and neutralization prior to discharge. The third
and fourth methods, while providing for completely covered
storage, need only be employed when the facility must meet
stfingent environmental regulations, when weather conditions
require enclosed storage or when space considerations govern.
Such is not the case at Picatinny, and the walled enclosure
is selected as a basis of this study. A layout of the

storage is shown in Figure 3-1.

From an unloading pit, coal will be lifted onto a stocking
out conveyor. The discharge will be fitted with a dust
preventive spout. Loadout system will be sized at 100 tons
per hour to move railrocad cars rapidly through the system.
Coal will be reclaimed from the pile by a wheeled front-end
loader. The loader will act to compact the coal pile and to
control the inventory on a first-in-first-out basis. Coal
will be moved into power plant bunker storage at the rate of
42 tons per hour, four times the maximum burning rate. This
will permit idle time for preventive maintenance and allow
the bunkers to be filled in one shift per day. For synthetic
fuel production the infeed rate will be selected as required
by the process, and will probably be in the range of 50 tons
per hour. Synthetic fuel, because of inefficiencies inherent
in the processes, will require a greater volume of coal

storage than required for direct firing.

Storage is sized to provide thirty days emergency supply at
peak load. According to the data in Table 1l-1, this will
amount to 7200 tons for direct firing and 9200 tons for

gasification. Fuel o0il will remain as a standby fuel.
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Coal will be elevated on a belt conveyor into the plant
bunker area. The bunkers will be fed by a tripper conveyor
to spread coal for use by each boiler. The shape of the
bunker bottom will depend on the method of firing the fuel.
Interposed between the pile and the bunkers will be a crusher
to prevent large sized material from passing into the system.
The crusher will be protected by an electro-magnet to remove
tramp iron. Other large uncrushables may be removed after
inspection at a check screen. Only one day of in-plant
storage is anticipated, with an underbunker conveyor system

needed to assure flow to the boiler being fired.

Existing fuel o0il lines will be extended to meet the needs

of the new plant site. A transfer pumping station will be
installed along side of the coal conveyor with lines supported
on conveyor gallery supporting steel. A day tank will be
installed in the new plant to avoid return to the main

storage tank.

3.3 Boi}er Types and Related Environmental Control

Equipment

Direct-firing of coal can be accomplished using
stoker boilers, pulverized coal boilers or fluidized bed
combustion units. Recalling that satisfying demand with
flexibility, efficiency and back-up requires three boilers
sized at 100,000 pounds per hour, we review the boiler types
with respect to this capacity rating. Pulverized coal units
are inefficient in the size range of interest here; in
addition maintenance costs are high. Therefore, pulverized
coal boilers are not considered for this installation. Both
stoker and fluidized bed boilers are suitable for this
application. Both types of boilers are proven technology
with stokers having been used continuously for many years.
While fluidized bed technology is rooted in the past, develop-

ment for coal combustion had not been refined until the need
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for pollution control was imposed. After several years of
development, commercial units are available and competitive,

both economically and reliably, with stoker boilers.

The stoker boiler discharges fly ash in excess of permissible
emissions and, therefore, requires environméntal control. A
shortage of low sulfur coal should be anticipated, at least

at competitive prices, and SO2 removal should also be

provided. Separate systems for filtration of fly ash and
removal of sulfur are available, but the use of separate
systems is generally found to be economical only at utility-
size scale. The equipment size proposed at Picatinny indicates
that a system combining both fly ash and sulfur removal

would be suitable. The selection of specific flue gas
desulfurization equipment should be made during the preliminary
design phase of the project and a decision made then whether to

use a wet or dry system.

The wet system includes a mixing chamber, usually a

venturi nozzle that permits intimate contact between the gas
and a liquid bath, and combination contact tower (scrubber)
and liquid removal chamber. Particulate matter is carried
along with the gas stream, making contact with the chemically
treated liquid, and is captured with the chemical reaction

precipitates formed in capture of the SO, gas. The dry

system includes a spray chamber in whichzflue gas 1is sprayed
with an 502 sorbent. Particles, and the result of the
chemical reaction between 502 and the sorbent, are then
trapped on filter media in a baghouse. An induced draft fan
is installed downstream of the baghouse, and thus "sees"

clean air at a temperature of approximately 150°F.
Both the wet and dry methods require that flue gas be reheated

after treatment. Heat is added to permit the gas to form an

acceptable plume. On a cold, dry day the moist air would
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rapidly condense and fall as rain in the immediate area. 1In
extreme cold, ice crystals would form. Heat can be taken
from the boiler in the form of a steam coil in the discharge
of the stack, or can be taken from the flue gas. Precise
measurement of particulate matter and 502 concentration
downstream of the process would dictate the quantities of
untreated gas that could be added.

A typical stoker/scrubber facility configuration is shown in

Figure 3-2.

A fluidized bed boiler requires no flue gas desulfurization
process, and thus has an advantage over stoker boilers.
Another advantage is size, being smaller than a stoker, a
fluidized bed unit when part of a multiple train, will have

a considerably smaller building envelope.

The fluidized bed boiler uses limestone in the bed to act as

a sorbent for sulfur in the coal. The waste product is a

dry powder compared to the 50% wet sludge flue gas desulfurized
product. All fly ash produced is collected without further
processing. The product can be used to alkalize sewage

sludge, as a soil conditioner and as a pozzolith. The

material rejected from the bed is a mixture of impurities

which varies with the coal. It is a sand-like, alkaline
powder, mostly calcium sulfate. It may be used as landfill

without additional treatment.

Fly ash from the fluidized bed may be collected in a baghouse,
permitting the operation to be performed in the dry state.

The problems associated with electrostatic collectors are

thus avoided. While some operating difficulties exist with
baghouses their technology is a known factor, whereas electro-
static collectors are more subject to the vagaries of dust

chemistry and temperature.
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Both the bed material and fly ash rejection products of

fluid bed combustion may be stored in silos until ready for
final disposal. Fluidized bed combustion reject products

are easier to handle, store and dispose of than those of
stoker boilers with flue gas disulfurization, which requires
lugger pans to haul sludge to sealed landfills. The products
of fluidized bed combustion are generally removed in bulk
material transport trucks, in the same manner that limestone

is delivered.

A typical fludiized bed combustion boiler facility configura-

tion is shown in Figure 3-3.

3.4 Gasification Systems

Gasification of coal can be accomplished in fixed,
entrained or fluidized bed gasifiers. The product gas is
then processed to remove deleterious material. With some
systems, reject material such as sulfur canbe reclaimed as
a by-product of value. The demand for gas at Picatinny
Arsenal would require approximately 250 tons of coal per day
to be processed. In this capacity range and with consideration
of desirability of a multi-train plant to allow partial
operation in the event of breakdown and flexibility to match
demand, five small fixed-bed gasifiers would be recommended.
Four units are required to meet peak demand and the fifth
unit is provided to assure reliable, continued operation in

the event that one unit is removed from service.

During the preliminary design phase, a decision must be made
concerning the selection of a single or two-stage gasifier.
Both types of units are commercially available and can
produce a range of product gases. The two-stage gasifier
permits gas to be taken from both upper and lower chambers.
In the upper stage the temperature is lower, reducing the

amounts of tar and oils carried in the gas stream. This
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minimizes the deposits in piping systems and equipment and
reduces the overall clean-up required. Two-stage gasificrs
are not, however, produccd with mechanical stirrers and
thercfore cannot handle strongly caking coal. The single-
stage gasifier will accept all types of coal without nced
for pretreatment. Thus the process selected is heavily

dependent on the source of fuel.

The gasification process is simple. Coal is fed into a
gasifier and is dried, heated and combusted as it migrates
through various zones down toward the grate, where it is
removed as ash. The gas from combustion rises and is the
vehicle which treates the incoming coal. Either air or
oxygen is introduced below the grate. If air is used the
product is a low-Btu gas, with a high heating value of 100
to 150 Btu/scf. When oxygen replaces air the product is
medium-Btu gas, with a high heating value of 250 to 350
Btu/scf. If medium-Btu gas is to be produced, the cost of
constructing and operating an oxygen plant must be considered.

The product gas also requires clean-up prior to firing.

The clean-up process includes particulate, tar and sulfur
removal as well as cooliné of the gas. Clean-up systems

vary with system design and manufacturer, and include some

or all of the following equipment: cyclones, quenchers,
coolers, tar separators, condensers, cooling towers, electro-

static precipitators and desulfurization systems.

By~products vary with both the system and the type of coal,
but generally include ash, tar, oil and sulfur. Some ok
these by-products, such as sulfur when produced in eclemental
form, are saleable. Tars produced may be useable in boilers
to produce steam required in the gasification process. All

by-products must be stored and transported to final disposition.



There is an additional consideration which must be mentioned
here. The existing boilers, while convertible to the required
gas firing, are quite old. Indeed it would probably be
prudent to replace them in several more years, in any case.
For this preliminary assessment and comparison of primary

coal systems, we do not investigate the economic consequences
of doing so. It should be kept in mind if the gasifier

option is selected for implementation.
A typical gasification configuration is shown in Figure 3-4.

3.5 Operating Considerations

Concern for following load exists with both gas
and steam production. A stoker fired or fluidized bed
boiler can act efficiently at one-third rated capacity.
Therefore, a boiler plant with three 100,000 1b per hour boilers
can operate over a range of 33,000 to 300,000 lbs per hour.
A gasifier, of the type under consideration, would have a
turndown ratio equivalent to that of the coal-fired unit
and, therefore, the two systems are comparable on this

basis.

In the event of interruption of coal supply, for either
direct-firing or gasification, fuel o0il must be kept in
reserve. If a new boiler plant is constructed for direct-
firing of coal, the boilers would have coal and oil-firing
capability. With the gasification option, the retrofitted
boilers should be equipped with burners capable of firing

gas and oil.

3.6 Turbine Generators

The existing power generation plant includes two
turbine-generators at 3000 kW output each. These operate in
a condensing mode with two levels of extraction pressures.
Condensing generation places the plant at an energy disadvan-

tage since it cannot operate at the economy level inherent
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in utility stations. However, operation in a back pressure
or strict cogeneration mode, that is, permitting steam to
expand through a turbine from a high pressure to the final
distribution pressure, offers economy at only a small increase
in capital and operating costs. Thus we recommend adoption

of this mode of operation. In addition, if boilers are
selected at typical industry performance levels of 600 psig
and 700°F discharge, each 100,000 1lb/hr of steam could
produce approximately 4000 kW of electricity. This would
improve the economics of the station to generate electricity
and reduce electric purchase. If the higher pressure boiler
is selected, the turbines would be replaced by units capable
of accepting the higher pressure inlet steam. This decision
is an economic one, and preliminary evaluation indicates a
slight benefit with new turbines as opposed to retaining the
existing units. Engineering judgement favors new equipment
for reasons of reliability. Therefore, we recommend new
turbines for direct firing and retaining the existing turbines

with gasification.

Note that in the recommended mode of operation, where all
steam discharging to the export steam and boiler plant
auxiliaries passes through the turbine, electric generation
follows the steam demand. It is not possible to run indepen-
dently of the utility but the system must be grid connected
at all times.

The new turbines will be single extraction type operating
against a back pressure of 60 psig. An uncontrolled extraction
point at 125 psig will provide steam for some process use

and for high pressure heaters in the boiler feedwater circuit.
The need for distribution of 125 psig steam has been diminish-
ing as the character of the Arsenal changes. It may become
more cost effective in the future to install small electric

boilers at remote areas than to suffer the energy loss
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required in maintaining a low usage high pressure piping
system. The turbine back pressure of 60 psig will suffice
for heating requirements throughout the distribution system.
Note that if all the 125 psig steam distribution were elimin-
ated, no significant change would be required for turbine

operation.

With a gasification process, the present boilers would be
modified for gas firing and the existing turbine-generators
would be retained. A new power plant would be built and the
turbine-generators moved from their present location to the
new plant. The boiler steam pressure level must be matched
to the existing installation. However, to operate in the
cogeneration mode would then require turbine modification to
remove the last stages of blading and have the exhaust port
closed, except for drainage. This would also reduce the
ability to generate at the present rating. The installation
would be staged to permit continued operation of at least

one turbine-generator for facility power reliability.

3.7 Summary

Three processes are considered viable for further

investigation:

e Stoker boilers with FGD
e Fluidized bed boilers with baghouses

e Low-Btu gasification of coal

Medium-Btu gasification has been excluded because capital
and operating costs associated with the required oxygen
plant would penalize this process with respect to the demand
at Picatinny Arsenal. Site plans for the three options are

shown in Figures 3-5, 3-6 and 3-7.
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4.0 ECONOMIC ANALYSES AND RECOMMENDATIONS

The cost analysis presented here was derived on

the basis of direct guotation, communications with suppliers

and the current literature describing the various systems.

The economics are based on the conceptual design and engineer-

ing information prepared for each option.

4.1 Cost Analysis

The materials, supplies and labor for plant operation

and maintenance were estimated to reflect current practices.

Information from previous work was used to prepare both the

capital and operating cost estimates for this study. It is

useful to set out some of the basic information used here:

Labor costs are taken at $25,000 annually

per individual.

Repair materials estimated at 2% of

capital costs (before application of SIOH).

Electric costs at $0.05/kWh.

Lime costs at $15/ton.

Limestone costs at $15/ton.

Sludge disposal costs at $30/ton.

Ash and FBC waste disposal costs at $15/tcn.

Coal costs estimated to be $50/ton delivered.

Current oil costs taken to be $0.80/gallon.

By-products from gasification process assumed

to have value equal to disposal cost.
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e Capital costs include contractor's overhead

at 15%, contractor's profit at 10%; general
contractors overrides for overhead and
profit at 5% and 5%.

® Contingency estimated at 10% for the coal
fired options and 15% for gasification,
contingency applied before SIOH. The larger
contingency for the gasification option is
justified because of the uncertainties in-
herent in the new technology.

The three options that have been found most promising for

specific application at Picatinny Arsenal are:

e Option I - Installation of a stoker boiler
power plant, which would include flue gas

desulfurization and new turbine generators.

e Option II - Installation of a fluid bed
combustion boiler power plant and new

turbine generators.

e Option III - Installation of a multi-
train gasification plant producing low-
Btu gas. Exisitng boilers would be
modified to fire gas and existing turbines
would undergo retrofit eliminating con-
densing generation. Boilers and turbines
would be relocated to a new structure in

the vicinity of the existing plant.

All options include capability for oil firing on a standby
basis to assure continued operation in the event of coal

delivery difficulties.

136



Capital and operating costs for each option have been tabulated

and are provided according to the following:

Option

I
II
ITI

Capital Costs Operating Costs
Table 4-1 Table 4-2
Table 4-3 Table 4-4
Table 4-5 Table 4-6

Inspection of these results yields some useful information:

No significant difference in capital costs
for coal handling and delivery exists among

the options.

The new boilers for Options I and II and

the process plant in Option III each re-

present approximately the same investment
amount. The boiler costs are roughly half
the total costs for Options I and II, but
the process plant and boiler modifications
in Option III represents almost two-thirds

of the cost of that option.

Pollution control is a significant frac-
tion of the cost of the stoker boiler

system, Option I.

Significant differences exist among the
three options in capital costs: Opticn
I costs 42% more than Option II and
Option II costs 29% more than Option III.
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TABLE 4-1

SUMMARY OF CAPITAL COSTS!

OPTION I: STOKER BOILERS, FLUE GAS DESULFURIZATION,
NEW TURBINE GENERATORSE.

Line Item Total
1. Ccal Delivery and Handling
Railcar Unloading Building 820
Coal Preparation Building 158
Coal Storage Pile 965
2. Boiler Plant
In-Plant Coal Handling 756
Boilers 18,964
3. Pollution Control
Scrubber System 6,239
Lime and Sludge Storage 802
Ash Handling 297
4, Turbines 4,201
5. Yardwork, Utilities, Demo-
liticn and Miscellaneous 1,531
Subtotal 34,733
Contingency at 10% 3,473
Total Capital Cost 38,206
SIOH at 5.5% 2,102
GRAND TOTAL 40,308
l.
2

Percent of

Unit Cost?

Grand Total ($/1b)
2.0 2. 173
0.4 0.53
2.4 3.21
1.9 2.52

47.1 63.21
15.5 20.80
2.0 2.67
0.7 0.99
10.4 14.00
3.8 5.10
86.2 115.77
8.6 11.58
94.8 127.35
5.2 7.00
100.0 134,35

All dollars in 1000's, costs estimated as of 3rd Quarter 1979.
Capital unit costs based on 300,000 lb/hr installed boiler

capacity.
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TAPLE 4-2

SUMMARY OF OPERATING COSTS'!

OPTION I: STOKER BOILERS, FLUE GAS DESULFURIZATION,
NEW TURBINE GENERATORS

Percent of Unit Cost?®
Item? Total Grand Total ($/10¢Btu)
1. Labor (15 added) 1,625 26.8 1.21
2. Materials 1,127 18.6 0.85
3. Disposals 1,024 16.9 0.78
4. Electric:
System Operation 175 2.9 0.13
Cogeneration (Savings) (641) (10.6) (0.49)
5. Coal 2,750 45.4 2.08
GRAND TOTAL 6,060 100.0 1.57
. All dollars in 1000's, estimated at 3rd Quarter 1979.
. Line Items 1, 2, 3 and 4 are incremental and relative to
current oil operations.
3.

Unit operating costs bosed on projected annual demand
of 1.32 x 10'° Btu/yr.
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TABLE 4-3

SUMMARY OF CAPITAL COSTS!

OPTION II: FLUIDIZED BED COMBUSTION BOILERS, BAGHOUSES,
NEW TURBINE GENERATORS

Percent of Unit Cost?
Line Item Total Grand Total ($/1b)
l. Coal Delivery and Handling
Railcar Unloading Building 820 2.2 2.73
Coal Preparation Building 158 0.4 0.53
Coal Storage Pile 965 2.6 3.21
2. Boiler Plant
In-Plant Coal Handling 754 2.1 2.52
Boilers 18,205 49.8 60.68
3. Pollution Control
Baghouse 2,598 7.1 8.66
Limestone Storage 1,328 3.6 4.43
Ash Handling 924 2.5 3.08
4., Turbines 4,201 11.5 14.00
5. Yardwork, Utilities, Demo-
lition and Miscellaneous 1,531 4.2 5.10
Subtotal 31,484 86.2 104.93
Contingency at 15% 3,148 8.6 10.49
Total Capital Cost 34,632 94.8 115.44
SIOH at 5.5% 1,905 5.2 6.35
GRAND TOTAL 36,537 100.0 121.79
1. All dollars in 1000's, costs estimated as of 3rd Quarter 1979.
2. Capital unit costs based on 300,000 lb/hr installed boiler

capacity.
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TABLE 4-4

SUMMARY OF OPERATING COSTS!

OPTION II:

2

Total
1,600
1,069

331

FLUIDIZED BED COMBUSTION BOILERS, BAGHOUSES
NEW TURBINE GENERATORS

Percent of Unit Cost?
Grand Total ($/105Btu)
28.5 1.28
1:9.10 0.81
.19 0.25
9.1 0.39
(11.4) (0.49)
48.9 2.08
100.0 }.32

estimated at 3rd Quarter 1979.

Line Items 1, 2, 3 and 4 are incremental and relative to

Item
1. Labor (14 added)
2. Materials
3. Disposals
4. Electric:
System Operaticn
Cogeneration (Savings)
5. Coal
GRAND TOTAL
1. All dollars in 1000's,
) current oil operations.
B

Unit operatin? costs based on projected annual demand

of 1.32 x 10'* Btu/yr.
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TABLE 4-5

SUMMARY OF CAPITAL COSTS!

OPTION III: GASIFICATION PLANT, BOILER RETROFIT,
EXISTING TURBINE GENERATORS

Percent of Unit Cost?
Line Item Total Grand Total ($/1b)
1. Coal Delivery and Handling
Railcar Unloading Building 820 2.9 3.15
Coal Preparation Building 158 0.5 0.63
Coal Storage Pile 1,379 4.8 5.08
2. Process and Boiler Plant
Process Plant 17,381 6l.1 69.43
Boiler Conversion 759 2.7 3.03
3. Pollution Control
Ash Silos 138 0.5 0.54
4, Turbine Modifications 1,088 3.8 4.35
5. Yardwork, Utilities, Demo-
lition and Miscellaneous 1,633 5.5, 6.47
Subtotal 23,356 82.4 92.68
Contingency at 15% 3,503 12.4 13.90
Total Capital Cost 26,859 94.8 106.58
SIOH at 5.5% 1,477 5.2 5.86
GRAND TOTAL 28,336 100.0 112.44

1. All dollars in 1000's, costs estimated as of 3rd Quarter 1979.
2. Capital unit costs based con current 252,000 lb/hr system
capacity.
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TABLE 4-6

SUMMARY OF OPERATING COSTS'
OPTION III: GASIFICATION PLANT, BOILER RETROFIT,
EXISTING TURBINE GENERATORS

Percent of Unit Cost?®

Item? Total Grand Total ($/10°Btu)
l. Labor (25 added) 1,878 2 6. 1.42
2. Materials 566 8.3 0.43
3. Disposals 272 4.0 0.21

4. Electric:

System Operation 160 2.4 0.12
5. Coal 3,929 57. 8 2.98
GRAND TOTAL 0,802 S5.10

All dollars in 1000's, estimated at 3rd Quarter 1979.

2. Line Items 1, 2, 3 and 4 are incremental and relative to
current oil operations.

3. Unit operatin? costs based on projected annual demand
of 1.32 x 10'% Btu/yr.
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e Disposal costs for Option I are signifi-
cantly higher than for the other options,
clearly showing the cost penalty of sludge
disposal.

® Electric costs are highest for Option II
but are offset somewhat by cogeneration;
Option II shows significant cogeneration

savings.

® Coal costs are highest in Option III, due
to inefficiencies in the gasification

process.

e Significant differences exist among the
three options in incremental operating
costs, compared to current operations:
Option III will cost 20% and Option I
6% more than Option II each year.

4,2 Guideline Cost Comparison

Next, we compare the capital costs developed for
these options with those published in the literature. While
geveral sources were reviewed, particular emphasis is placed
here on a comparison with Interim Report E-148, Project
Development Guidelines for Converting Army Installations to
Coal Use, published by CERL.

Capital cost ranges for some 30 items were provided in this
CERL report covering small to medium size industrial boiler
plants. Our methodology included interpolation for the

plant size at Picatinny Arsenal. Further, we adjusted the
resultant figures to third quarter CY 1979 for comparison
purposes; the line items in our Option estimates were adjusted
to distribute the contingency and supervision, insurance and

overhead costs. The comparison follows:
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CAPITAL COST COMPARISON
STOKER FIRED BOILERS W/FGD

Current Estimate E-148 Estimate
Item ($103) ($103%)
Coal Delivery and Handling 2,255 3,500
Boiler Plant 22,900 18,765
Pollution Control 8,500 11,250
Site Work 1,800 =
TOTAL 34,455 33,515

While differences exist in individual line items, the overall
totals compare favorably. Coal delivery and handling, an
item which shows considerable variance, is very dependent on
site conditions and is more difficult to generalize than the
other factors. The pollution control item shows substantial
difference on a percentage basis and, when compared to costs
in other literature, the E-148 cost is the highest by a
considerable margin. The line item differences can result
from methodology and specific conditions, and considering

the purpose and level of estimates, these differences are

acceptable.

Direct comparisons for the Fluidized Bed Combustion Boiler
Option and the Low-Btu Gasification Option are not readily
obtainable. Interim Report E-148 does not include Fluid Bed
Boilers or Low-Btu Gasifiers. Thus, if the Coal Delivery
and Handling Item is assumed to have no significant change,
the only item left for comparison is Pollution Control.

Here we find a significant difference between adjusted
figures. The I.R. E-148 estimate allows approximately $1.5
million (adjusted) for baghouse and ash handling versus $4.0

million provided in the current estimates.
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The stated objective of I.R. E-148 is to provide Facilities

and District Engineers with general and technical and economic

guidance for developing coal conversion projects. The
individuals for whom I.R. E-148 is prepared will bring
engineering judgement to their reading of this report, and
in consideration of this, the cost guidelines could be
improved, as follows:

@ Cost ranges should be presented uniformly
and clearly set apart from the text.

e A full cost range should be provided.
Phrases such as "up to" and "more than"

should be avoided.

e The particular sensitivity to cost fluc-
tuation within the estimated range should
be mentioned. For example, cost of coal
silo varies with the size of the unit and
also with sub-surface conditions. The impact
of required foundations on a silo can be very
great, but the same soil conditions will not

have great impact on the cost of the boiler.

® The methodology used in determining the
guideline costs should be included.

e In addition to ranges, unit costs should be
provided (per 1lb, per cfm, etc.) so that
scale-up is easily achieved (see last column
of Tables 4-1, 4-3 and 4-5).

These changes should, in our opinion, bring the usefulness

of the cost guidelines up to the high standard set by the
text.
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4.3 Life Cycle Costs

To evaluate the potential coal conversion and the
three options considered, it is necessary to study life
cycle costs for the project. Department of Defense data for
short-term annual escalation and differential escalation
rates are used for this purpose. These and the source

materials are summarized in Table 4-7.

The detailed life cycle cost analysis, using current oil
operations as the base, for an assumed FY '82 project is

provided in the following tables:

¢ Option I = Table 4-8
0 Option 1II - Table . 4-9
o Option IITI - Table 4-10

A summary of pertinent results is shown below:

Discounted Discounted

Savings Payback Life Cycle

Investment Period Project Cost

Option Ratio (Years) ($/10° Btu)
I. Stokers 3.34 10.6 3.22
II. Fluidized Bed 3.65 9.8 3.15
III. Gasification 3.89 9.9 3.61
0il Firing Status Quo Base Base 5.84

where the first two measures are the traditional measures for
comparing investments and where the last is a measure of

fuel unit cost over the life cycle of the project (see

Lines 8, 9 and 10 on Tables 4-8, 4-9 and 4-10).

From this and an analysis of the detailed economics provided,

we may conclude that:

e Fluidized bed combustion boilers and coal

derived low-Btu gas appear economically
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competitive assuming, as we have here,

that the existing boilers are not replaced
for Option III. Obviously,doing so would
downgrade the economics of the gasification
system. Both options offer economic ad-
vantages over stoker boilers with flue gas

desulfurization.

o Stokers with flue gas desulfurization incur
significant capital and operating cost
penalties. The first arises predominately
from the scrubber and sludge silos and
tanks; the latter occurs because of the
significantly higher waste disposal costs
for the sludge material.

4.4 Recommendations

The power plant at Picatinny Arsenal is old by
industrial standards and replacement with conversicn to coal
appears to be economically viable. The three options studied

are technically feasible.

This preliminary analysis indicates the prudent choice to be
Option II, Fluidized Bed Combustion (FBC). On a life-cycle basis,
it appears that FBC and gasification are competitive.

However, several differences in the options exist:

e The FBC option includes new equipment while
the gasification assumes retrofit of both
boilers and turbines. A greater degree
of system reliability is probable with the
FBC option as compared with the older

equipment.
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® FBC units are just now becoming commercially
available from reliable U.S. based manu-
facturers although full commercialization
awaits additional projects and on-line
experience. Availability of gasification
equipment is less certain and firm guaran-

tees unavailable.

® A great degree of capacity redundancy does
not exist with present equipment, making
continued operation during down-time at
average demand quite difficult.

® Gasification is an emerging technology
with few U.S. based plants from which to
gain operating experience. Costs are
less certain than for the direct-fired

options.

e Environmental regulations for gasification
plants are not formulated. Therefore,
attaining required approvals is tenuous
and new regulations could have a signi-

ficant impact on costs.

Considering the above, and without a significant economic
advantage favoring gasification, we cannot recommend this

option at this time.

With the continuing demonstration of FBC technology and its
improving commercialization picture, we would recommend
implementation of Option II: provision of three new, 100,000
lb/hr fluidized bed combustion coal boilers with new turbine

generators at Picatinny Arsenal.
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1.0 INTRODUCTION

The United States Army Construction Engineering
Research Laboratory has been developing a considerable data
base for conversion to coal as the primary fuel at U.S. Army
facilities. This study forms a part of that continuing
effort. The scope of this study is to assess the technical
and economic feasibility of converting the heating and power
systems to coal as the primary fuel at the United States
Military Academy at West Point, New York. Oil firing capabi-
lity would be retained to assure operation if coal became

unavailable for a brief time.

Consideration is given to both current and advanced coal
systems including direct combustion (in suspension, on a
grate and fluidized bed combustion) and production and

firing of gas and liquid derived from coal. Two concepts of
coal conversion alternatives are analyzed and evaluated.
Advanced technologies have been limited to those that would

be suitable for design within the next two years, as operating

plants and not as demonstration projects.

The U.S. Military Academy is a facility encompassing some
16,000 acres of which over 1000 acres are developed. Ninety
buildings representing six million square feet of heated

area are served by two boiler plants: a small plant for
laundry facilities and a large plant for all other facilities.
The larger plant, providing steam for 5,860,000 scuare feet

of heated area is the subject of this study.

The main boiler plant, Building 604, has a capacity of 598 x
108 Btu per hour. The plant operates on No. 6 fuel oil.
Alternative energy sources have been investigated in the

past, with gas identified as the only possible substitute

for oil. With both fuel 0il and natural gas becoming increas-
ingly difficult and expensive to obtain, we have investigated

the methods by which coal could be used at West Point.
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Historic fuel and steam usage patterns have been established

and projections of future use have been made. It is expected
that any anticipated load growth will be offset by an ongoing
energy conservation program. Therefore we can assume that

no change in present peak or average loads will occur in the

foreseeahle future. Table 1-1 shows the fuel and load

requirements.

In reviewing the possibilities of coal conversion, the
existing plant, equipment and site must be evaluated and
alternatives sought, where necessary. These evaluative
factors are discussed in Section 2.0 of this report. Section
3.0 deals with the application of identified technologies to
the specifics of West Point. The economic analyses is
provided in Section 4.0.

Current literature has been reviewed in preparation of this

report. A bibliography is appended.
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I. STEAM

Annual
bPeak
Average

II. FUEL*

Annual
Peak
Average

TABLE 1-1

STEAM AND FUEL REQUIREMENTS

620,000,000 1b/year
185,000 1b/hr
71,000 1b/hr

0il

5,000,000 gal/yr

1,655 gal/hr
570 gal/hr

or

Coal

30,300 tons/yr
10.0 tons/hr
3.5 tons/hr

%*
Based on fuel oil at 145,000 Btu/gal and coal at 12,000 Btu/lb.
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2.0 GENERAL DISCUSSION OF OPTIONS

The desirability of converting to coal from gas or
0il thereby extending natural resources and reducing depen-

dency on imported fuel is well established. The feasibility

of such a conversion requires rigorous investigation of
alternatives before an assessment can be made. While many ‘
alternatives exist, there are three major conceptual methods

for deriving usable energy from coal:

direct firing;

conversion of coal to gas with subsequent
firing;

® conversion of coal to liquid with subse-
quent firing.

An assessment of the use of these methods must take into
account, in addition to the capital and operating costs, the
following factors:

e ability of the process to meet energy

demand efficiently;
® equipment redundancy in existing plant to
allow continued operation during modifi-

cation;

® ability of existing equipment to be retro-
fitted;

e available area within the existing plant

to allow for conversion;

e available area around the existing plant

for storage and coal handling;

® alternative sites.
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Each of the evaluative factors affect the overall assessment
differently. For example, should an existing plant not he
large enough to allow for a conversion to a specific process,
this would be of major concern. This concern would be
lessened if an alternate site could be found and almost
eliminated if a suitable area existed adjacent to the present
plant to allow for efficient conversion. All of the factors
have this interrelationship, with the exception of the

first: the ability of the method to meet the energy demand
efficiently. Of the three methods considered, only direct-
firing of coal has both been historically proven and can be
sized to produce steam in a range required at the U.S.
Military Academy. Gasification of coal, in its low-Btu and
medium-Btu forms can also be sized to efficiently meet

energy demand, but is only currently establishing an operating
record. Liquefaction of coal requires a facility of relatively
large size to operate efficiently; an energy demand in the
range of that required at the U.S. Military Academy would

not be expected to operate efficiently for any long term.

When this factor is coupled with the state-of-the-art of
liquefaction, as a developing technology, further consideration
of converting coal to liquid fuel at West Point must be
eliminated. Should a community or utility sized plant be
considered in the future, assuming other users would be
interested in pooling resources, this technology might be

reinvestigated.

2.1 Equipment Redundancy

The existing plant must be reviewed from several
points-of-view. Perhaps the most important aspect is the
redundancy of existing major equipment. The desired redundancy
is such that, for example, one boiler can be removed from
service for the period of time required for retrofitting or
replacement without adversly affecting the energy supply to
the facility.
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The U.S. Military Academy Power Plant, Building 604, contains
two 200,000 pound per hour (lb/hr) boilers and one 180,000
lb/hr boiler. The peak demand at West Point is 185,000 1lbs
per hour and the average demand is 71,000 lbs per hour.
Clearly, sufficient redundancy exists to remove a boiler

from service for retrofit or one-for-one replacement.

2.2 Retrofit of Existing Plant

We next consider the possibility of retrofitting
the existing plant as a less costly alternative to replacement.
In the general case such retrofit would include a complete
new installation of coal handling and storage equipment and
facilities, as well as the actual modifications to the

boilers. 1In general, the retrofit would include:

® installation of spreader stoker and grate
equipment, generally involving the removal
of the o0il burners to accommodate this

equipment;

® addition of ductwork and fans to provide
sufficient air to the area beneath the
coal grate;

e modifications to combustion control systems;

® ash collection and reinjection systems;

® emissions control systems, which may include
cyclone collectors, electrostatic precipi-
tators or fabric filters and flue gas desul-

furization equipment;

e ash and chemical storage space and loading

facilities.
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The new coal handling equipment, which would be required for

either retrofit or replacement includes:

coal receiving and unloading facilities;
conveyor systems;

scales, hoppers and chutes;

storage facilities;

coal spreader with feeder assembly;

leachate control and treatment facilities.

In considering gasification of coal, new handling equipment
similar to that needed for direct firing would be installed.
In addition to boiler modification, a gasification plant

would be required.

A typical gasification plant would include the following

basic systems:

® coal pretreater (not required in some systems

with certain types of coal);

e gasifier;

® steam supply (source steam, waste product

boiler or integral systems);
e air supply (for low-Btu gas);
e oxygen supply (for medium and high-Btu gas);
e slag and char removal, handling and storage;
® gas stream clean-up (which includes some or
all of the following equipment: cyclone
collectors, scrubbers, electrostatic pre-

cipitators, desulfurization system, oil,

tar and sulfur storage);
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® shift converter (high-Btu gas);
e methanator (high-Btu gas);
® gas distribution system.

Requirements for systems and equipment vary with the specific
process, type of coal to be used and end use of the gas
product. For example, coal pretreatment is not required for
many non-caking coals and certain gasifiers; gas stream
clean-up requirements may not include desulfurization if low
sulfur coal is used, and particulate removal requirements

vary with end use.

Boiler modification from oil to gas firing is relatively

simple for high-Btu gas and somewhat more difficult for low

and medium-Btu gas, in the general case, because tolerances

for efficient combustion are narrow. The burner and combustion

controls must be replaced or, at least, revamped.

Low-Btu gas is relatively inefficient when combusted directly
because of low flame temperature and finds better application
in industrial processes, although it has been successfully
used for heating on a demonstration basis. Low-Btu is well
suited for use in gas turbines, but an extremely clean gas
stream is needed to prevent particulate buildup and turbine
blade damage. Medium-Btu gas is manufactured by processes
similar to low-Btu gas, with oxygen substituted for air.

This process is more efficient than the low-Btu process, but
requires the construction and operation of an oxygen plant.
Both types of gases are processes through gasifiers which

are becoming increasingly commercially available in small
enough sizes to allow multi-train modular installation for
the typical demand at West Point. High-Btu gas is processed

on a much greater scale than the low and medium-Btu gases
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and cannot be efficiently produced at a scale to match the

demand level under consideration.

In addition to the retrofit and new equipment necessary to
use gasified coal, provisions must be made to collect and
store by-products, both saleable and waste, that result from
these processes and to store sufficient quantities of gas to

satisfy demand in the event of outages.

The West Point Power Plant was formerly coal-fired, but none

of the equipment needed for reconversion to coal-firing or
handling coal for gasification is currently in place. The
railroad tracks, necessary for transportation, appear to be

in operational condition. All other facilities, from unloading

outward, must be constructed.

The retrofitting of the boilers has been discussed in a
general sense. Now consider the specific bcilers in place
at West Point. There are two major boilers, each rated
200,000 1b/hr, which are oil-fired, D-type units, built in
1966. The third is an oil-fired unit rated at 180,000
lb/hr, built in 1938, originally designed to burn coal and
converted to oil. Reconversion of the older unit is not
considered cost effective. The two newer units can not be
retrofitted for coal-firing due to the tube configuration
and space requirements of these D-type units.

<

2.3 Replacement of Existing Equipment

Since retrofitting of the existing plant is not
feasible, and sufficient redundancy exists to allow replacement
of equipment on a one-for-one basis, this must be the next
consideration. Investigation of this possibility within the
existing structure yielded negative results. Preliminary
boiler sizing indicates that three boilers rated at 120,000
lbs per hour each would meet the range of steam demands

efficiently, with flexibility to provide the required steam
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using one or two units and reserving the third for standby.
If a grate type coal-fired boiler rated at 120,000 lb/hr was
substituted for one of the existing 200,000 1lb/hr units,
there would not be sufficient space. The new unit would

have a grate measuring approximately 20 feet wide by 20‘feet
long, to permit the normal loading rate of 30 pounds of coal
per hour per square foot of grate surface. A boiler with a
grate of these dimensions could not fit within the existing
18'-6" x 19'-0" column bay spacing. Further, physical
requirements of the ash removal system would make the unit

too high for the existing space.

Other methods of firing coal can be designed with boilers of
smaller dimensional size than a grate-type boiler. Both
fluidized bed and pulverized coal boilers are in this category.
Again, not enough space exists. While the fluidized bed
boiler, with bed dimensions of 20 feet wide and 14 feet long

could physically occupy the space vacated by the removal of

D-type boilers, auxiliary equipment required for operation
would extend beyond the space available. Space exists for
the pulverized coal-fired boiler; however, floor area for
the pulverizing equipment and the height available are
insufficient.

2.4 Site Constraints at the Existing Plant

With no possibility of replacing the boilers
within the Power Plant Building, we next consider expansion
adjacent to or in the immediate vicinity of the existing

building.

The most important site requirements for direct firing or
gasification of coal include accessibility by rail; sufficient
area for stroage of coal, ash and by-products, if any; and
environmental considerations. The railroad track is in

place and appears to be in operational condition, satisfying

accessibility criteria.
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Good practice demands that a thirty-day supply of coal be
stored on-site, and that sufficient space be allocated for
storage of a ten-day production of ash and by-products from
the gasification process. In addition, the plant should
have the capability of burning fuel oil, on a standby basis,
to assure reliability. Thus, fuel oil storage is also

required.

The existing plant is located on a bluff overlooking the
Hudson River. The land formation, dropping to the river and
rising sharply away from the river, limits any expansion to
the east or west. Northerly expansion is limited by existing
buildings, necessary to the Academy's operation, and southerly
expansion is restricted to the former coal pile area. This
area would be sufficient for storage, but not for both

storage and an expanded plant. The area is further restricted
by the existence of three large above-ground fuel oil storage
tanks which occupy the site of the original coal pile. Two
fuel o0il day tanks further restrict the site. If removal of
these tanks were considered cost effective, land formation

and sub-surface conditions would remain an obstacle to
development. Therefore, another site must be considered for
development of a coal conversion option. Figure 2-1 indicates
the area requirements for a conversion to coal firing,
including handling and storage and an expanded power plant

at the site of Building 604. Figure 2-2 indicates, at the
same site, the area requirements for a gasification plant

including the necessary ancillary equipment.

2.5 Alternate Sites

A prime site regquirement is accessibility to
railroad transportation. Conrail trackage exists along the
Hudson River, at the edge of the Military Academy site.
Following the tracks in a northwesterly direction, a potential
site can be identified at the end of the Target Hill Athletic
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Field. This site is not only accessible to the railroad,
but has needed utilities in place and is of sufficient size
for development of plant, storage facilities and ancillary
requirements such as roads, parking, etc. This site does
have some disadvantages. It is remote from the existing
Plant and it is located relatively close to a residential
area. While these problems are cause for concern,

they are not insurmountable, and will be discussed in the
following section.

2.6 Summary of Options Selection

Figure 2-3 is a summary of the above discussion.
It compares, on a simplified "yes-no-maybe" basis, the
various coal-use options against the major factors used in
the evaluation. Displayed graphically is the difficulty of
using the existing plant or surrounding area, the equipment
redundancy beneficial for planning replacement, alternate
site factors and efficiency of the process for demand.
Naturally not all of these factors are equally weighted. As
discussed, the output of high-Btu gas or synthetic liquid
fuel o0il is inherently inefficient with respect to demand, a
fact sufficient to eliminate consideration of these processes.
The three main processes: direct firing of coal, low-Btu
and medium-Btu gasified coal; are each considered potentially
viable and should be further explored for the U.S. Military
Academy at West Point.
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3.0 APPLICATION TO WEST POINT

The viable options for coverting from fuel oil to
coal at the U.S. Military Academy are direct firing of coal
or gasification into low-Btu or medium-Btu gas. Either
process can be implemented at the Target Hill site. Direct
firing of coal at Target Hill would result in the production
of steam and its export in an express main to the existing
Power Plant for use in the turbines and for distribution.

If direct firing at Target Hill is implemented, all boiler
activity at the existing power plant would discontinue.
Alternatively, a gasification plant could be installed at
Target Hill with an express main to deliver the process gas
to the Power Plant. The existing boilers and controls would

be modified to burn gas.

3.1 Environmental Considerations

Environmental constraints specific to the Target
Hill site, in addition to normal regulatory agency controls,
involve land formation and adjacent land use. The Target
Hill field is a large flat area at approximately 100 feet
above mean high tide. Lee Road, a residential collector
road several hundred feet from the proposed plant site, is
elevated almost 100 feet above this site. The elevation
differential is advantageous in that the views of the Hudson
River from the residential area will not be despoiled by the
bulk of the new facility, but this advantage is not without
some drawback. Flue gas from a new boiler plant must be
discharged above the tops of the residences, requiring a

stack height in excess of 100 feet above normal requirements.

While the on-post residences will view the Hudson River over
the top of the new plant, the view over the Hudson River
from Constitution Island, an historical site now under
development, will have the plant as a backdrop. While

technical environmental concerns can be met with engineering
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provisions, the concern for the visual environment can be

met only by careful site planning, building design and
landscaping - and, at its best, can only hope to soften the
visual impact, never eliminate it. Thus, a potential conflict
exists concerning non-technical environmental considerations.
This conflict must be acknowledged and provisions made to

address the problem in the planning phase.

Environmental regulations exist covering source fuel and
emissions for air pollution as well as discharge components
and temperature for water pollution. These regulations,
promulgated by all levels of government, have been considered
in our analysis of the various systems. Table 3-1 summarizes
the applicable air pollution standards for coal-fired boilers.
No standards for the gasification plant exist at this time.

If standards were promulgated, we feel they would be similar
to 40CFR60, Subpart J, Section 60.100 of the Primary National

Air Standards, which we have considered in this report.

3.2 Storage Considerations

Production of steam or gas at Target Hill requires
that coal be received and stored at the Plant site. Conrail
trackage is available, but a siding must be constructed. A
trackhouse, thawpits and unloading facilities are required.
The trackhouse for unloading is provided to protect against
escape of fugitive dust during off-loading. The coal should
be stored in the vicinity of both the trackhouse and plant.

A variety of coal storage techniques are available. 1In

order of increasing costs, these are:

open pile
uncovered, walled enclosure

silos

reclaim building
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TABLE 3-1

SUMMARY OF APPLICABLE AIR POLLUTION
STANDARDS FOR COAL FIRED BOILERS

A. Emissions’
Smoke? Some visible smoke permitted
Particulates?® 0.33 lb/lO6 Btu heat input
Sulfur Dioxide? 3.8 1b/106 Btu heat input
B. Sulfur Content of Compliance Fuel: 2.3%

1. May not significantly deteriorate air quality.
See 40CFR50.

Exclusive of water vapor.

3. Heat input is the sum of all boiler inputs discharging
through a single stack.
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Although coal was stored in the open when West Point originally
fired coal, in light of present environmental considerations,
open storage must be considered unacceptable. A walled
enclosure to a height of 12 feet would reguire an allocation
of a space 120 feet by 230 feet for a 30~-day supply of coal.
The third and fourth methods, while providing for completely
covered storage, need only be employed when the facility

must meet stringent environmental regulations, when weather
conditions require enclosed storage or when space considera-
tions govern. For this study, silo storage is selected

since fugitive dust from the pile would be objectionable,

and land in this location is at a premium. Three silos will
be required for a 30-day coal supply, with each silo measuring
approximately 40 feet in diameter and standing approximately
100 feet tall.

From an unloading pit, coal will be lifted onto a stocking
out conveyor. Loadout system will be sized at 100 tons per
hour to move railroad cars rapidly through the system. Coal
will be reclaimed from silos using mass flow screws with
inventory on a first-in~-first-out basis. Coal will be moved
into a new boiler plant bunker storage at the rate of 40

tons per hour, four times the maximum burning rate. This
will permit idle time for preventive maintenance and allow
the bunkers to be filled in one shift per day. For synthetic
fuel production the infeed rate will be selected as required
by the process, and will probably be in the range of 50 tons
per hour. Synthetic fuel, because of inefficiencies inherent
in the processes, will require a greater volume of coal
storage than required for direct firing, and a fourth silo

will be provided.
Storage is sized to provide 30 days fuel supply at peak

load. According to the data on Table 1-1, this would require

7200 tons for direct coal firing and 9000 tons for gasification.
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However, such volumes of coal would impact the limited
available land at the site, see Sections 2.4, 2.5 and 3.6.
Since the boilers to be selected will be able to fire oil as
well as coal, it is recommended that fuel storage be provided
by a combination of coal and oil. Sizing of the required
silos indicates that reasonable structures obtain with an
80%/20% coal/oil split. Thus we would store 5760 tons of
coal for direct firing and 7200 tons for gasification.

Since we will be retaining the existing plant and fuel oil
storage (see Section 3.6), no additional provision need be
made for the oil.

Coal will be elevated on a belt conveyor into the plant
bunker area. The bunkers will be fed by a tripper conveyor
to spread coal for use by each boiler. The shape of the
bunker bottom will depend on the method of firing the fuel.
Interposed between the pile and the bunkers will be a crusher
to prevent large sized material from passing into the system.
The crusher will be protected by an electro-magnet to remove
tramp iron. Other large uncrushables may be removed after
inspection at a check screen. Only one day of in-plant
storage is anticipated, with an underbunker conveyor system

needed to assure flow to the boiler being fired.

3.3 Boiler Types and Related Environmental Control

Equipment

Direct firing of coal can be accomplished using
stoker boilers, pulverized coal boilers or fluidized bed
combustion units. Recalling that satisfying demand with
flexibility, efficiency and back-up requires three boilers
sized at 120,000 pounds per hour, we review the boiler types
with respect to this capacity rating. Pulverized coal units
are inefficient in the size range required here; maintenance
costs are also high. Therefore, pulverized coal boilers are

not considered for this installation. Both stoker and
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fluidized bed boilers are suitable for this application.

Both types of boilers are proven technology with stokers
having been used continuously for many years. While fluidized
bed technology is rooted in the past, development for coal
combustion has not been refined until the need for pollution
control was imposed. After several years of development,
commercial units are available and competitive, both economi-

cally and reliably, with stoker boilers.

The stoker boiler discharges fly ash in excess of permissible
emissions and therefore requires environmental control. A
shortage of low sulfur coal should be anticipated, at least

at competitive prices, and SO_ removal should be provided.

Separate systems for filtratign of fly ash and removal of
sulfur are available, but the use of separate systems is
generally found to be economical only at utility-size scale.
The equipment size proposed at West Point indicates that a
system combining both fly ash and sulfur removal would be
suitéble. The selection 6f specific flue gas desulfurization
equipment should be made during the preliminary design phase
of the project and a decision can be made then whether to

use a wet or dry system.

The wet system includes a mixing chamber, usually a

venturi nozzle that permits intimate contact between the gas
and a liquid bath, and combination contact tower (scrubber)
and liquid, removal chamber. Particulate matter is carried
along with the gas stream, making contact with the chemically
treated liquid, and is captured with the chemical reaction

precipitates formed in capture of the SO, gas. The dry

system includes a spray chamber in whichzflue gas is sprayed
with an 502 sorbent. Particles, and the result of the
chemical reaction between 802 and the sorbent, are then
trapped on filter media in a baghouse. An induced draft fan
is installed downstream of the baghouse, and thus "sees"

clean air at a temperature of approximately 150°F.
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Both the wet and dry methods require that flue gas be reheated
after treatment. Heat is added to permit the gas to form an
acceptable plume. On a cold, dry day, the moist air would
rapidly condense and fall as rain in the immediate area. 1In
extreme cold, ice crystals would form. Heat can be taken

from the boiler in the form of a steam coil in the discharge
of the stack, or can be taken from the flue gas. Precise
measurement of particulate matter and 802 concentration:
downstream of the process would dictate the quantities of

untreated gas that could be added.

A typical stoker/scrubber facility configuration is shown in
Figure 3-1.

A fluidized bed boiler requires no flue gas desulfurization
process, and thus has an advantage over stoker boilers.
Another advantage is size, being smaller than a stoker, a
fluidized bed unit when part of a multiple train will have a
considerably smaller building envelope. This is important
when considering the impact on the visual environment at the
Target Hill site.

The fluidized bed boiler uses limestone in the bed to act as
a sorbent for sulfur in the coal. The waste product is a
dry powder compared to the 50% wet sludge flue gas desulfuri-
zation product. All fly ash produced is collected without
further processing. The product can be used to alkalize
sewage sludge, as a soil conditioner and as a pozzolith.

The material rejected from the bed is a mixture of impurities
which varies with the coal. It is a sand-like, alkaline
powder, mostly calcium sulfate. It may be used as landfill
without additional treatment.

Fly ash from the fluidized bed may be collected in a baghouse,

permitting the operation to be performed in the dry state.
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The problems associated with electrostatic collectors are

thus avoided. While some operating difficulties exist with
baghouses their technology is a known factor, whereas electro-
static collectors are more subject to the vagaries of dust
chemistry and temperature.

Both the bed material and fly ash reject products of fluid
bed combustion may be stored in silos until ready for final
disposal. Fluidized bed combustion reject products are
easier to handle, store and dispose of than those of stoker
boilers with flue gas desulfurization which requires lugger
pans to haul sludge to sealed landfills. The products of
fluidized bed combustion are generally removed in bulk
material transport trucks, in the same manner that limestone
is delivered.

A typical fluidized bed combustion boiler facility configura-
tion is shown in Figure 3-2.

3.4 Gasification Systems

Gasification of coal can be accomplished in fixed,
entrained or fluidized bed gasifiers. The product gas is ‘
then processed to remove deleterious material. With some
systems, reject material such as sulfur can be reclaimed as
a by-product of value. The demand for gas at the U.S.
Military Academy wbuld require approximately 250 tons of
coal per day to be processed. In this capacity range and
with consideration of desirability of a multi-train plant to
allow partial operation in the event of breakdown and flexi-
" bility to match demand, five small fixed-bed gasifiers would
be recommended. Four gasifiers are required to meet maximum

load, with the fifth serving a standby function,

During the preliminary design phase a decision must be made

concerning the selection of a single to two stage gasifier.
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Both types of units are commercially available and can
produce a range of product gasses. The two-stage gasifier
permits gas to be taken from both upper and lower chambers.
In the upper stage the temperatures are lower, reducing the
amounts of tars and oils carried in the gas stream. This
minimizes the deposits in piping systems and equipment and
reduces the overall clean-up required. Two stage gasifiers
are not, however, produced with mechanical stirrers and,
therefore, cannot handle strongly caking coal. The single
stage gasifier will accept all types of coal without need
for pretreatment. Thus the process selected is heavily
dependent on the source of fuel.

The gasification process is simple. Coal is fed into a
gasifier and is dried, heated and combusted as it migrates
through various zones down toward the grate, where it is
removed as ash. The gas from combustion arises and is the
vehicle which treates the incoming coal. Either air or
oxygen is introduced below the grate. If air is used the
product is low-Btu gas, with a high heating value of 100 to
150 Btu/scf. When oxygen replaces air the product is medium-
Btu gas, with a high heating value of 250 to 350 Btu/scf.

If medium-Btu gas is to be produced, the cost of constructing
and operating an oxygen plant must be considered. The

product gas also requires clean-up prior to firing.

The clean-up process includes particulate, tar, and sulfur
‘removal as well as cooling of the gas. Clean-up systems

vary with system design and manufacturer, but all include
some or all of the following equipment: cyclones, quenchers,
coolers, tar separators, condensers, cooling towers, electro-

static precipitators and desulfurization systems.

By-products vary with both the system and the type of coal,

but generally include ash, tar, oil and sulfur. Some of
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these by-products, such as sulfur when produced in elemental
form, are saleable. Tars produced may be useable in boilers
to produce steam required in the gasification process. All

by-products must be stored and transported to final disposition.

A typical gasification configuration is shown in Figure 3-3.

3.5 Operating Considerations

Concern for following load exists with both gas
and steam production. A stoker fired or fluidized bed
boiler can act efficiently at one-third rated capacity.
Therefore, a boiler plant with three 120,000 lb/hr boilers
can operate over a range of 40,000 to 360,000 lb/hr. A
gasifier, of the type under consideration, would have a
turndown ratio equivalent to that of the coal-fired unit
and, therefore, the two systems are comparable on this

basis.

In the event of interruption of coal supply, for either
direct-firing or gasification, fuel o0il must be kept in
reserve. If a new boiler plant is constructed for direct-
firing of coal at the Target Hill site, the existing boilers
at the power plant would be retained for standby service,
With the gasification option, the retrofitted boilers should

be equipped with burners capable of firing gas and oil.

3.6 Other Site Problems

The Target Hill site is 2.4 miles from the existing
power plant. If steam is produced at Target Hill it must be
piped to the power plant for use in turbines and for distribu-
tion. If a gasification process plant is constructed at
Target Hill, the product gas will require piping to the
power plant for firing in the retrofitted boilers. The
piping systems for steam and gas are somewhat different, but

have some similar requirements. Both systems should be
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direct burial, following existing streets where they exist
and transversing few fields. In the preliminary design
phase various configurations should be tested against cost,
for optimization. Cathodic protection against electrolyti-
cally active soils should be provided. Both gas and steam
piping should be express mains to the power plant and must
be designed to operate under pressure: gas at approximately
60 psig and steam at 200 psig. Preliminary engineering has
indicated a requirement for two eight-inch diameter pipes
for the gas system and two twelve-inch diameter pipes for
the steam express main. The steam piping system would also
require a condensate return, sized at six-inch diameter. A

preliminary piping system layout is shown in Figure 3-4.

3.7 Summary

Two processes are considered viable for further

investigation:

® Fluidized bed boilers with baghouses.

® Low-Btu gasification of coal.

Stoker firing with flue gas desulfurization has been excluded
because of size considerations at Target Hill. Comparing

the plan views in Figures 3-1 and 3-2 indicate this clearly.
Medium-Btu gasification has been excluded because, first,
capital and operating costs associated with the required
recycle plant would penalize this process with respect to

the demand at West Point. Second, the oxygen plant space

requirements could not be met at Target Hill.
A site plan of the Target Hill area showing a fluidized bed

combustion boiler plant is provided in Figure 3-5. A gasifi-

cation plant at the same site is shown in Figure 3-6.
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4.0 ECONOMIC ANALYSES AND RECOMMENDATIONS

The cost analysis presented here was derived on
the basis of direct quotation, communications with suppliers
and the current literature describing the various systems.
The economics are based on the conceptual design and engineer-

ing information prepared for each option.

4.1 Cost Analysis

The materials, supplies and labor for plant operation
and maintenance were estimated to reflect current practices.
Information from previous work was used to prepare both the
capital and operating cost estimates for this study. It is

useful to set out some of the basic information used here:

e Labor costs are taken at $25,000 annually

per individual.

® Repair materials estimated at 2% of

capital costs (before application of SIOH).
® Electric costs at $0.05/kWh.
e Lime costs at $15/ton.
® Limestone costs at $15/ton.
® Sludge disposal costs at $30/ton.
@ Ash and FBC waste disposal costs at $15/ton.
® Coal costs estimated to be $50/ton delivered.
e Current oil costs taken to be $0.80/gallon.

® By-products from gasification process assumed

to have value equal to disposal cost.
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® Capital costs include contractor's overhead
at 15%, contractor's profit at 10%; general
contractors overrides for overhead and
profit at 5% and 5%.

e A contingency, applied before SIOH, is
included. A factor of 10% is applied to
the direct~fired system and 15% is applied
to the gasification system. The higher
factor is used for gasification because

of the uncertainties inherent in a rela-

tively new technology.

The two options that have been found most promising for

specific application at West Point are:

e Option I - Installation of a fluidized
bed boiler plant at the Target Hill site,

with steam exported in express mains to
the existing power plant for use in
existing steam turbine generators and dis~
tribution. Steam production at the exist-

ing power plant will be discontinued.

® Option II - Installation of a multi-train
gasifier plant at the Target Hill site,
with low-Btu gas compressed and exported
in express mains to the existing power
plant. Implementation of a retrofit of
the existing boilers to permit gas firing

is necessary.

With both options, fuel oil firing capability will be provided
for standby use.
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Capital and operating costs for each option have been tabu-
lated: For Option I, capital costs are shown in Table 4-1,
and operating costs in Table 4-2; Option II capital costs

are displayed in Table 4-3 and operating costs in Table 4-4.

Inspection of these results yields some useful information:

® No significant difference in capital costs
for coal handling and delivery exists be-

tween the options.

® The boiler plant in Option I and the gasi-
fication plant in Option II each represent
approximately 50% of the investment cost

for their respective option.

® The remote Target Hill location penalizes
both options significantly. The pipeline
cost is the second largest line item for
the fluidized bed option. The gasification
option requires a pumping station because
of the distance between manufacture and end
use point; this is the second largest cost
item for Option II. The pipeline cost is
the third largest item for the gasification

option.

® Significant differences exist between the
two options in both operating and capital
costs. The annual operatimng cost of the
gasification process is 23% more than for
fluidized bed boilers. The total capital
costs for fluidized bed boilers exceed

the gasification process cost by 22%.
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TABLE 4-1

SUMMARY OF CAPITAL COSTS!
OPTION I: FLUIDIZED BED COMBUSTION BOILERS

Percent of Unit Cost?
Line Item Amount Grand Total ($/1b)
1. Coal Delivery and Handling
Track Work 47 0.1 0.13
Railcar Unloading Building 811 1.9 2.25
Coal Preparation Building 162 0.4 0.45
Conveyor to Storage 156 0.4 0.43
Coal Storage Silos 1,365 3.1 3.79
Silos Hoppers 448 1.0 1.24
Conveyor to Plant 156 0.4 0.43
2. Boiler Plant
3 Boilers @ 120,000 1lb/hr 23,393 54.0 64.98
(Includes In-Plant Coal
Handling)
3. Pollution Control
Baghouses 3,197 7.4 8.88
Limestone Storage 1,622 3.7 4.51
Ash Storage 1,123 2.6 3.12
4. Yard Work
Electric 858 2.0 2.38
Utilities Other Than Electric 286 0.7 0.79
5. Pipeline 3,690 8.5 10.25
Subtotal 37,314 86.2 103.65
Contingency at 10% 3,731 8.6 10.36
Total Capital Cost 41,045 94.8 114.01
SIOH at 5.5% 2,257 5142 6.27
GRAND TOTAL 43,302 100.0 120.28
1. All dollars in 1000's, costs estimated as of 3rd Quarter 1979.
2. Capital unit costs based on 360,000 lb/hr boiler nameplate

rating.
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TABLE 4-2

SUMMARY OF OPERATING COSTS'!
OPTION I: FLUIDIZED BED COMBUSTION BOILERS

Item® Total
1. Labor (14 additional men) 900
2. Repair Materials 971
3. Disposals 225
4. Electric 514
5. Coal 1,500

GRAND TOTAL 4,110

1. All dollars in 1000's,

2. Line Items 1, 2, 3 and 4 are incremental and relative to

current oil operations.

3. Operating unit costs based on projected annual demand of

725 x 107 Btu/yr.

Percent of

Unit Cost?

Grand Total ($/106Btp)
21.9 1.24
2306 1.34

5.5 0.31
12.5 0.71
36.5 2.07

100.0 514617

estimated at 3rd Quarter 1979.
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TABLE 4-3

SUMMARY OF CAPITAL COSTS'?

OPTION II: GASIFICATION PLANT AND RETROFIT OF
EXISTING BOILERS

|
Percent of Unit Cost?

Line Item Amount Grand Total ($/1b)
1. Coal Delivery and Handling
Track Work 46 0.1 0.18
Railcar Unloading Building 794 2.2 3.15
Coal Preparation Building 1,59 0.5 0.63
Conveyor to Storage 153 0.4 0.61
Coal Storage Silos 1,782 5.0 7.07
Silo Hoppers 586 1.6 2.33
Conveyor to Plant 191 0.5 0.76
2. Boiler Plant
Gasifiers (5) 17,490 49.1 69.40
Pumping Station 4,201 1148 l6.67
Boiler Conversion 764 2.1 3.03
3. Pollution Control
Ash Storage 95 0.3 0.38
4. Yard Work
Electric 1,349 3.8 5.35
Utilities Other Than Electric 280 0.8 1.11
5. Pipeline 1,470 4.1 5.83
Subtotal 29,360 82.4 116.51
Contingency at 15% 4,404 12.4 17.48
Total Capital Cost 33,764 94.8 133.98
SIOH at 5.5% 1,857 5.2 7.37
GRAND TOTAL 35,621 100.0 141.35

1. all dollars in 1000's, costs estimated as of 3rd Quarter 1979.
2. Capital unit costs based on 252,000 1b/hr gasifier system capacity.
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TABLE 4-4

SUMMARY OF OPERATING COSTS'!

OPTION II1: GASIFICATION PLANT AND RETROFIT OF
EXISTING BOILERS

Line Items 1, 2, 3 and 4 are incremental and relative to

Item?
1. Labor (30 added)
2. Materials
3. Disposals
4, Electric
5. Coal
GRAND TOTAL
1. All dollars in 1000's,
current oil operations.
3.

Operating unit costs based on projected annual demand of

725 x 10° Btu/yr.
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1100
675

150

Percent of

Unit Cost?

Grand Total ($/10°%Btu)
21.9 1.52
13.4 0.93

3.0 0.21
9.1 1.32
42.6 2.96

100.0 6.94

estimated at 3rd Quarter 1979.



® Comparison of operating costs indicates

that the higher cost for gasification is
attributed to additional labor and coal {
required for the gasification process. :
The higher labor and fuel costs for Option J
IT are offset slightly by the higher electric

costs for the fluidized bed option.

® Use of coal represents a significant re-
duction in the cost of purchased fuel with
both options. Estimated reduction in cost
of purchased fuel is approximately 52% for
Option I and 31% for Option II.

4,2 Guideline Cost Comparison

Next, we compare the capital costs developed for
these options with those published in the Literature. While

several sources were reviewed, particular emphasis is placed

here on a comparison with Interim Report E-148, Project
Development Guidelines for Converting Army Installations to
Coal Use, published by CERL. =

Capital cost ranges for some 30 items were provided in this
CERL report covering small to medium size industrial boiler
plants. Our methodology included interpolation for the
plant size at the U.S. Military Academy at West Point.
Further, we adjusted the resultant figures to third quartcer
CY 1979 for comparative purposes; the line items in our
Option estimates were adjusted to distribute the contingency

and supervision, insurance and overhead costs.

Note that direct comparisons for the Fluidized Bed Combustion
Boiler Option and the Low-Btu Gasification Option are not

obtainable since these items are not included in Interim
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Report E-148. However, some other individual system compari-

sons can be made.

The adjusted figure for Coal Delivery and Handling is approxi-
mately $3,145,000 for the Options discussed in Section 4.1.
(The Gasification Option is slightly less costly than the

FBC Option because some of the required equipment is included
in the Gasification package price.) The adjusted estimate
extrapolated from the I.R. E-148 Guidelines is $3,675,000.
These figures compare favorably.

As mentioned above, boiler plant comparisons cannot be made
with the items estimated in these Options. The same situation
exists for some pollution control items. However, baghouses

are common to both the estimate and guidelines.

The Option I estimate includes baghouses at an adjusted cost
of $3,700,000. The I.R. E-148 Guidelines estimate Lhis item
cost at a maximum of $7.50 per ACFM. For the estimated flow
rate here, at approximately 156 X 103 ACFM, the cost would
be $1,170,000 or $1,300,000 adjusted. There appears to be a
considerable variance between these figures which is not

readily explainable.

The stated objective of I.R. E~148 is to provide facilities
and District Engineers with general and technical and economic
guidance for developing coal conversion projects. The
individuals for whom I.R. E~148 is prepared will bring
engineering judgement to their reading of this report, and

in consideration of this, the cost guidelines in I.R. E-148

could be improved, as follows:

® Cost ranges should be presented uniformly

and clearly set apart from the text.
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® A full cost range should be provided.
Phrases such as "up to" and "more than"

should be avoided.

® The particular sensitivity to cost fluc-
tuation within the estimated range should
be mentioned. For example, cost of a coal
silo varies with the size of the unit and
also with sub-surface conditions. The impacﬁ
of required foundations on a silo can be very
great, but the same s0il conditions will not

have great impact on the cost of the boiler.

® The methodology used in determining the

guideline costs should be included.

e In addition to ranges, unit costs should be
provided (per lb, per cfm, etc.) so that
scale-up is easily achieved (see last column
of Tables 4-1, and 4-3).

These changes should, in our opinion, bring the usefulness
of the cost guidelines up to the high standard set by the
text.

4.3 Life Cycle Costs

To evaluate the potential coal conversion and the
two options considered, it is necessary to study life cycle
costs for the project. Department of Defense data for
short-term annual escalation and differential escalation
rates are used for this purpose. These and the source

materials are summarized in Table 4-5.

The detailed life cycle cost analysis, using current oil

operations as the base, for ar assumed FY '82 project is
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provided in Table 4-6 for Option I and Table 4-7 for Option
II.

A standard measure of economic viability, the savinas-
investment ratio for both options is less than unity, indica-
ting an investment loss at the end of the 25 year life of
the plant. Another means of making a similar comparison
between the Option costs and status quo costs is to compare
unit costs over the life of the project, see Lines 8, 9 and
10 on Tables 4-6 and 4-7. There we see the o0il cost is
$4.31/106 Btu while for fluidized bed boilers it is $5.25/10
Btu and for gasification $5,83/106 Btu.

6

Naturally, these results are vitally dependent on the current
prices for fuel. Should the o0il costs escalate considerably,

these economics might be reinvestigated.

4.4 Recommendations

Conversion of the U.S. Military Academy boiler
plant from o0il to coal firing, using either Option I or
Option II alternatives, is technically feasible although
potentially environmentally unattractive. However, on an
economic basis, investment in coal conversion at West Point
is not recommended. Conversion of the boiler plant to gas
fired operation, using coal derived gas produced by a local
utility or community sized plant might offer energy dollar
savings in the future. If sufficient interest can be generated
in this possibility, it might be worth exploring.
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