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FOREWORD

This study was performed by the US. Army Construction Engineering Research
Laboratory (CERL) for the Directorate of Military Programs, Office of the Chief of
Lngimeers, under Project 4A702731AT41, “Design, Construction, and Operation and
Maintenance Technology for Military Facilities.” Task Arca 6, “Foergy Systems,” Waork
Unit 16, “Coal Utilization.”™ Mr. L. Keller (DAEN-MPO-U) served as the OCLE Technical
Monitor. The CERL Principal Investigator was Mr. S. Hathaway of the Energy and
Habitability Division (CERL-L1H).

Appreciation is extended to the following personnel for ideas incorporated into var-
ious techunical portions of this investigation: M. B. Donalise. Sanitary Engineer. CERL
Environmental Division (CERL-EN); Mr. J. Donnelley. Mechanical Engineer, DAEN-MPO-
U: Mr. D. Ekstrom, Mechanical Engineer, USA DARCOM, Rock Island, IL: Dr. E. Honig,
Metallurgist, USA TARADCOM, Detroit, MI; Mr. L. Wesolowski, Geologist, CERL-EN:
Mr. R. Ridgway, Chief Engineer. Joliet Army Ammunition Plant, Joliet, IL; Mr. G.
Schanche, Sanitary Engineer, CERL-EN; Mr, S. Struss, Environmental Engineer, CERL-
EN: Mr. B. Wasserman, Mechanical Engineer, DAEN-MPO-U: Mr. D. Williams, Mechanical
Engineer, Naval Civil Engineering Laboratory, Port Hueneme, CA; and Mr. R.D. Winn,
Mechanical Engineer. DAEN-MPO-U. Administrative support was provided by Mr. R. G.
Donaghy, Chief, CERL-EH.

COL J. E. Hays is Commander a- = Dircctor of CERL, and Dr. L. R. Shaffer is Tech-
nical Director.
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PROJECT DEVELOPMENT GUIDELINES
FOR CONVERTING ARMY INSTALLA-
TIONS TO COAL USE

1 nTRODUCTION

Background

One objective of the national cnergy strategy set
forth by the President on 29 April 1977 is to reduce
dependence on foreign oil and thereby limit vulnerabil-
ity to supply disruptions." In response, the Army Ad-
visory Group on Energy adopted Army-wide goals of
reducing both energy consumption and dependence on
nonrenewable and scarce fuels. A major objective of
the Army Energy Plan is to eliminate use of natural gas
and reduce the use of petroleum by 75 percent by the
vear 2000. In meeting this challenge. it is expected that
many installation heating and power plants now firing
gas or oil will be converted to coal.

Recognizing the need to use coal as a primary fuel
wherever possible,® the Directorate of Facilities En-
gineering, Office of the Chief of Engineers (OCE),
initiated a requirement for technical and economic
guidance for use by Facilities and District Engineers in
the planning, design, and operation of modern coal
systems in Army fixed facilities and installations.

This work is being conducted in several phases. The
first phase, completed in FY77, comprised a review of
current and advanced coal technologies to determine
which have potential near-term Army application, and
recommended that installation coal conversion efforts
emphasize proven direct combustion technologies.?
The second phase of work is to provide general tech-
nical and economic guidance on applicable coal tech-
nologies for use by District and Facilities Engineers in
developing installation coal use projects. This is the
subject of the study reported here.

- Army Energy Plan (Headquarters, Department of the Army
[DA], 1978).

2Ilcan'ng. Energy Selection and Fuel Storage, Distribution,
and Dispensing Svstems, AR 420-49 (DA, 1976).

'llonig. E. M., Jr, and S. A. Hathaway, Application of
Vlodern Coal Technologies to Military Facilities, Interim Report
E=130/AD0SS560 (U.S. Army Construction
Research Laboratory [CERL]. 1978).
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Objective

The objective of this report is to provide Facilities
and District Engineers with general technical and ec-
onomic guidance for developing coal conversion pro-

jeets on Ay lixed facilities and installations

Approach
This study was accomplished in the tolowing steps

1. A literature review was conducted to obtain in-
vestment cost and operations and mamitenance (O&M)
data on (a) coal use technologies identificd as having
potential installation application: (b) salvage fuels such
as refuse-derived fuel (RDF).* petroleunt oils and lu-
bricants (POL), and waste wood which have potential
for cofiring with coal; and (c) systems for reinoving
particulate and gaseous sulfur and nitrogen oxide
pollutants from stack gases.

2. A field analysis was carried out to supplement
information gathered in the literature review. This anal-
ysis of operating systems emphasized both salvage fuel
systems and flue gas desulfurization technologies The
latter portion was conducted in cooperation with the
CERL Environmental Division, which is investigating
state-of-art flue gas desulfurization systems for poten-
tial Army use.®

3. Technical and economic data on applicable coal
use. salvage fuel, and flue gas treatment technologies
were reduced and manipulated for presentation in a
format suitable for field use in project development ®
All cost data were adjusted to FY78 values by using
construction cost indices published in Army Regula-
tion 415-17.7 Published data for large plants were
downscaled to represent the typical range of Army
boiler capacities (25 to 200 MBtuh [7.2 to 58 MW])
using established scaling factors.®

4llatha\vuy, S. A., Technology Evaluation of Armyv-Scale
Waste-to-Energy Systems, Interim Report F =100/ ADA042578
(CERL, 1977).

SA Systematic Study of Viable Strategies tor the Control
of Sulfur Oxide Emissions from Army-Size Boilers (US. Army
Armament Readiness Command, Appropriation 2182040~
08-1704, 1978.

“Personal Communication with Mr. L Keller, Directorate
of Facilities Engineering, Office of the Chiet of I ngineers,
Washington, DC, 12 October 1977.

Empirical Cost Estimates for Military Construction and
Cost Adjustment Factors, AR 415-17 (DA, 1977

"[{ncrg\' Production by Solid Waste Incimneration. Report
FESA-RT-2036 (U.S. Army Facilities Fnginecring Support
Agency, 1977).
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4. The final stage of the study involved arranging
and reporting technical and economic data in a format
suitable for field use as an engineering technical note,
bulletin, or letter.” Chapters 2 through 8 of this report
may be used for this purpose.

Scope

This report contains general techno-economic infor-
mation for converting installation heating and power
plants ranging in capacity from 25 to 200 MBtuh (7.2
to 58 MW) to coal as a primary tuel. The report covers
(1) a general overview of the installation coal conver-
sion and supply problem; (2) delivery, storage. and
handling of coal:(3) conventional stoker-firing technol-
ogy: (4) coal gasification: (5) salvage fuels: and ¢6) sys-
tems for reducing emission of particulate material and
gaseous sulfur and nitrogen oxides.

Mede of Technology Transfer

OCE will issue information in this report as an En-
gineer Technical Letter for use by Facilities and
District Engineers in developing coal conversion pro-
jects for Army fixed facilities and installations.

MAJOR FINDINGS ON COAL
CONVERSION AND SUPPLY

The Army-wide goal of reducing natural gas and oil
consumption by converting to coal as a primary fuel in
installation heating and power plants requires resolu-
tion of numerous Kev technical factors at installation
level. These factors include the design of the existing
heating and power plant system and whether facilitics
and land area exist for the delivery. handling. and
storage of coal. The following paragraphs summarize
findings of that portion of the study which investigated
installation-level potential for coal conversion and
supply.

Installation-Level Parameters of Coal Conversion

This study found that the problem of installation
coal conversion is considerably more complex than
Army-wide goals indicate. FEssential findings with
respect to the overall coal conversion problem are as
follows.

?Personal Communication with Mr. k. D. Winn. Directorate
of Facilities Engineerme, OCE, Washington, DC, 23 June 1978.

1. Systems for producing and distributing energy
appear to be unique to the individual installation and
therefore are difficult to categorize generically. Some
installations (notably ammunition plants) have an
elementary two-plant, one-loop system, some have
more than one plant with each serving a different user
sector, and others may have a small central plant with
as many as two dozen smaller outlying plants. each
serving a different sector. Still others have no major
central plant, but have numerous small outlying plants,
each serving an isolated cluster of users. In nealy all
cases, small outlying plants consist of up to four pack-
age gas- or oil-fired boilers. Economy of scale precludes
replacing small outlying clean fuel-fired plants with
coal-fired boilers. Where there is a significant numbes
of outlying plants. it may be cost-effective 1o produce
and distribute to them a gaseous coal-derived fuel
Conversely, it may be cost-effective to build a large
central system to distribute energy to outlying vsers.
In this case. retirement of outlying plants could be at a
financial loss to the Army, since their terminal value is
expected to be low because of a projected market
decline for package boilers firing scarce fuels.

2. Most Army boilers produce saturated steam in
the pressure range from 100 to 180 psig (690 000 to
1 240 000 Pa) for heating and cooling. Few produce
electrical power, and. of those. most produce electrical
power for in-plant use. Some plants produce super-
heated steam. Load profiles can vary widely among
installations.

3. Many installations never used coal and hence do
not have receiving, handling. and storage facilities.
Many installations that switched from coal to cleaner
fuels have put original coal storage areas to other use.
At some of these installations. the physical plant has
been built up near the central heating and power
plants. reducing the area available for coal storage. ash
disposal, and gas cleanup equipment. Most Aimy heat-
ing and power plants also lack space within the plant
itself for bunkers, gas cleanup equipment. and other
hardware necessary for coal use. Original equipment
at many plants that switched from coal is either
technologically obsolete. in poor repair. partially can-
nibalized, or completely gone.

4. The original design basis of older Army baoilers
is often unknown, inhibiting assessment of their ca-
pability to fire a particular coal at rated capacity . While
some oil-fired boilers were designed to be coal-convert-
ible, the basis of this design is highly variable and often
indeterminable.




5. Some Army boilers with coal-firing capability
were designed to fire a wide range of coals. These have
the highest probability of successful coal conversion.
Army boilers with tight design fuel limitations face up
to 60 percent derating, depending on the coal available.

6. Design information on Army boilers is extremely
difficult to obtain, inhibiting both assessment of Army-
wide coal conversion potential and formulation ol a
rational coal-conversion program.

7. Lag times of industrial-scale coal conversion are
now as much as 3 years after equipment order and are
expected to lengthen. Manufacturers and architect/
engineers (A/E’s) often do not possess the necessary
manpower to handle the projected large work volume
in addition to their regular workload. Because of this,
it is probable that a long-term, rationally planned
phasing-in program coordinated with the other services,
industry, and other government agencies will bring
better results than an uncoordinated, competitive, hit-
and-miss approach.

8. Use of salvage fuels (solid waste, biomass, POL)
either by heat-recovery incineration or as a coal-sup-
plement is a bright prospect both for conserving coal
consumption and possibly for diluting sulfur oxide
emissions in flue gas either to within compliance con-
centrations or to concentrations that are more easily
and economically treated. The Army currently has
seven waste-to-energy projects and a broad RDT&E
program, and should continue its leadership role in
this area.

Coal Supply

The problem of coal supply to installations is similar
to that faced by most industrial coal consumers. Essen-
tial findings with respect to the overall coal supply
problem are as follows.

1. Army boiler plants designed for a particular coal
may find design basis coal unavailable for reconversion
because of the relatively long time since design and the
competition for supply.

2. It is probable that coal conversion will require
addition of flue gas desulfurization equipment. While
present emission standards are 1.2 1b SO, /MBtu (2790
kg/J) fired, the U.S. Environmental Protection Agency
(USEPA) has proposed new legislation requiring 90
percent SO, removed regardless of the sulfur in the
coal. Moreover, the Clean Air Act Amendments of
1977 (PL 95-95) encourage use of a scrubber on all
applications regardless of sulfur level. Competition for
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low-sulfur coals is growing, but may change in response
to both these proposals. Finally. pressures to inhibit
importation of “better” coals into states with large
demonstrated reserves of “‘poorer” coals are expected.
Coal procured by installations will probably be non-
compliant in terms of sulfur content.

3. The wmagnitude ol individual iostallation coal
consumption and, often, the nature ot the procure-
ment agreement  will affect coal use. In terms of
cquivalent tons of coal per year, instatlations e small
energy consumers in a nationwide context and individ-
ually will not contribute as much as o utility will to a
supplier’s profit. It has not been unusual for coul-
burning installations to reccive off specification coal
from suppliers who can sell it nowhere else. New and
retrofit coal-fired boilers should be designed to burn as
wide a range of coal as possible to ensure optimal
energy production in face of the unpredictable quality
of delivered coal.

Information Required for Project Development

Development of a coal conversion project requires a
well thought out concept of what the project entails.
Later chapters of this report provide conceptual tech-
nical information and general cost data to support the
project development effort. The following minimal
information base is required (Table 1).

1. The project developer must know the type of
boilers and their respective design basis currently at the
installation. While it is not difficult to convert coal-
designed boilers to gas or oil. conversion of boilers
designed for gas or oil to coal at nominal rating is
seldom cost-effective because boiler rebuilding and
auxiliary equipment additions are required. Most
manufacturers and A/Es now prefer replacing gas- and
oil-designed boilers with coal-fired units rather than
converting units. The project developer should also
obtain records indicating historical steam production
trends for each boiler in order to determine required
operating hours per year and required turndown

2. The project developer must also obtamn informa-
tion on the coal that will probably be used, since
nature of the fuel to be burned is the key factor in coal
conversion programs, bearing directly on selection and
cost of storage, handling, combustion, and pollution
control systems. Probable supply coals can be iden-
tified with the assistance of the Defense Fuel Supply
Agency and by referring to standard industry sources
such as the Keystone annual Coal Industrv Manual '°

Bl , g
Y kevstone Coal Industry Manual (McGraw=I1ill, 1976)
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Table 1
General Information for Project Development

Probable Coal Supply
Cost ($/ton and $/MBtu)
Proximate Analysis

Ultimate analysis
Calorific value
Ash analysis
Density

Flow properties

Installation Boiler Plants
Nameplate data
Design fue!
Steam quantity and quality
Original design package
On-hand coal equipment
Available area for coal equipment

3. The project developer must have information
regarding availability of salvage fuels (RDF, biomass,
POL) which could be burned with coal. Caution must
be exercised here. While RDF has been widely pub-
licized, there are no long term data regarding its
performance as a coal supplement in converted boilers.
However, use of RDF, biomass. and POL in new boilers
specifically designed for them alone or in combination
with coal is state-of-art technology.

It has been shown that many installations do not
generate enough solid waste to make RDF production
cost-effective. The best prospects for installation use
of RDF lie in purchase of the waste fuel from large
regional waste-processing facilities. It is possible that
by the time a coal conversion project goes into design,
current questions pertaining to procurement agreement
will be resolved.

3 DELIVERY, HANDLING AND STORAGE

Systems for delivering, handling, and storing coal
are largely independent of the particular coal use tech-
nology selected, but not of the nature of the coal
procured. Calorific values range from 12,000 Btu/lb
(27.9 MJ/kg) for Eastern bituminous coal to 6800
Btu/lb (15.8 MJ/kg) for Northern Plains lignite. (Some
U.S. coals have a calorific value as low as 3900 Btu/lb
[9.1 MJ/kg] ). Moisture content can range from 6 per-

Installation Steam Needs
Distribution system
Historical steam trends
(yearly, monthly, daily, hourly)
Seasonal loads
Load variations
Projected steam trends

Availability of Salvage Fuels
RDF
Biomass
POL

cent (Eastern bituminous) to 37 percent (Northern
plains lignite). For equal boiler plant heat input. about
16 times more lignite than Eastern bituminous coal
must be stored., handled, and fired. This chapter
provides general information on the major unit opera-
tions. equipment, and costs of coal delivery. handling,
and storage systems.

The major unit operations for delivery. handling,
and storage of coal are: unloading, preparation. trans-
fer, outdoor storage, covered storage. in-plant handling.
and weighing and measuring. Not all these operations
need be involved in an installation coal use system. noi
must they occur in the stated sequence. For example.
coal delivered by rail or boat might go through unload-
ing, preparation, transfer, and outdoor storage before
entering covered storage. But coal delivered by truck
might go directly to covered storage.

Unloading

Selection of a coal unloading system depends on
how the coal is delivered. Equipment to accommodate
rail or boat delivery includes car and barge movers. car
thawing equipment, car shakers, rotary car dumpers.
cranes and buckets, unloading towers, portable convey-
ors, lift trucks with scoops, track hoppers and vorious
types of feeders. Truck delivery is by far the easiest
mode to manage and usually does not require equip-
ment specifically intended for unloading. Coal de-
livered by truck can be sent directly to outdoor starage
or to a conveyor for delivery to in-plant bunkers.
Capital cost of rail and boat unloading facilities for




larger installation-scale operations «.a range up to
$3.000,000. Labor, repair and
electrical power are important recurring costs.

maintenance, and

Coal should be unloaded as rapidly as possible to
minimize labor cost and. for boat and rail systems, to
avoid demurrage charges. Industry trends are to pro-
vide sufficient capability to unload a 3-day coal supply
in a single 8-hour shift. This corresponds to an un-
loading rate about nine times the maximum total plant
coal burning rate.

When rail systems are used, coal is customarily re-
ceived in hopper-bottom cars ranging in capacity
between 50 and 100 tons (1400 to 2800 Mg). Delivery
time should be planned liberally because cars require
time for spotting, moving on the siding, and sometimes
shaking and thawing. Because of this, the design coal
handling rate of the conveyor system is about twice the
design unloading rate. If larger-than-normal shipments
arrive, the conveyor system can be operated more than
1 shift/day to reduce demurrage charges.

Preparation

Coal preparation operations at installation-scale
coal-fired heating and power plants are usually limited
to crushing, and, since stoker coal is normally procured
in the necessary size. this operation is often not nec-
essary. Crushing ensures that optimally sized coal goes
to the boiler: accordingly, crushers are used when there
is economic advantage in buying large lump or run-of-
mine coal. In this case, coal is screened before it enters
the crusher to minimize production of fines.

Several types of coal crushers are available: rotary
breakers, single-roll crushers, double-roll crushers and
hammermills. Selection of the proper configuration
and size depends on: type of coal, condition of coal

(wet, dry, or frozen), Hardgrove grindability, type of

crusher feeder, feed size to crusher, product size,
allowable fraction of fines, and throughput capacity.
Breakers and hammermills yield lumps of a given max-
imum size, because all coal passes through screen
openings before discharge. Roll crushers may occa-
sionally pass oversize lumps. Manufacturers normally
guarantee that only 80 to 90 percent of the crashed
coal product will pass a specified screen size.

Coal is usually crushed before covered storage.
Facilities using outdoor storage usually crush coal after
it is reclaimed from the pile, but before it is placed in a
protected area.

The capital cost for coal crushing syvstems ranges
between $80,000 and $700.000. Tmportant recuriing
costs are for maintenance and repaic and electrical
power.

Transfer

Transfer refers to handling between the unloading
point and final storage, from which coal discharges to
firing or processing operations. Typically used transfer
equipment includes skip hoists, bucket elevators. and
belt conveyors.

Transfer operations should be as simiple as possible
In the case of a plant where trucks duip coal in a yard
storage pile, a lift truck with a scoop can take it direct-
ly to the closed storage feed system. Often. however. a
conveying system is needed because there are reserve
and active coal inventories to be manipulat -d. A
typical installation transfer system could include an
clevating belt conveyor from the unloading point (i.c..
delivery hopper under rail head) to enclosed starage.
Most belt conveyors are equipped with a magnetic head
pulley to remove tramp iron. A transfer chute can be
installed midway through the conveyor flight to divert
the coal to open storage.

Elevating belt conveyors have maximum inclines of

about 20 degrees, and hence require substantial length
of travel il in-plant storage is high. An alternative is the
bucket elevator system. With this system. coal can he
unloaded from rail car or truck to a delivery hopper
adjacent to the plant and lifted directly up to in-plant
storage.

Capital costs of transfer systems vary widelv. Trucks
average about $18,000 and scoops about $20.000.
Elevating conveyor systems can be as high as $350.000,
and bucket elevator systems as much as $400.000.
Important recurring costs are electrical power for the
conveying systems and fuel, labor, and O&M for the
vehicular systems.

Outdoor Storage

Coal storage can be divided into two categories
active and reserve. Active storage supplies coal-firing
equipment directly and is usually in-plant
storage is normally outdoors. Where outdoor storage
serves only as a reserve, normal practice is to transfes
part of an incoming shipment to active storage and the
remainder to reserve. from which coal is reclaimed as
needed.

Reserve
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The Department of Defense (DOD) requires that
plants maintain at least a 30-day coal supply during the
three coldest months of the year. Land area required
for outdoor storage can be computed from Eq 1:

(W) 24 (LH) (N)
TP Sk e g [Eq 1]
(Ev) (d) (ht)
where A = required storage area (sq ft)
W = total plant steam output capacity (Ib/
hr)
LE = winter load factor (dimensionless)

H

N number of days storage capacity (days)
d = coal density (Ib/cu ft)

ht = average pile height (ft)
Ev product-to-fuel ratio (Ib steam/Ib coal)

1}

i

The factor Ev can be calculated from Eq 2:

(Hv) (Eff)
i R

Eq2
He Ikg 2]

where  Hv = higher heating value of the coal (Btu/
Ib)

boiler plant efficiency (dimensionless)
steam enthalpy (Btu/lb)

]

Eff
He

For example, consider a boiler plant with the following
operating parameters:

W 120 000 b steam/hr

LE = 0.6 (cold season load factor)
N = 90 days storage
d = 45 1b/cu ft coal deusity

ht = 15 ftaverage pile height
Hv = 12,000 Btu/lb coal heating value
Eff = 0.76

He = 1008 Btu/Ib steam enthalpy

Then
(12,000) (0.76)
gt et i Ml
1008

=905 Ib steam/Ib coal

and

(120,000 (24) (0.6) (90)
(9.05) (45) (15)

25459 5q 11 (2565.2 m?) storage area

Note that the storage area required for Northern Plains
lignite having a calorific value of 6800 Btu/lb (15
MJ/kg) and a density of 40 Ib/cu ft (640 kg/m?*)
would be 55,622 sq ft (5167.5 m*) or more than twice
the area required for the Eastern bituminous coal in
the computed example. This illustrates why it is vital
that project developers do preliminary groundwork to
identify probable coal supply.

Storage area can be reduced by building the coal
pile vertically. About 20 ft (6.1 m) in heighr is the
limit for a manageable free pile. Silos and stave bins
can be employed where land area is not available, but
they are costly.

Coal should be stored at a site located on solid
ground. well drained, free of standing water, and
preferably on high ground not subject to flooding.
Permanent areas are top-dressed or hard-surfaced. never
on underfill or other loose or porous surface. The
storage area should be cleared of ail foreign matter
having a low ignition temperature (i.e., wood. paper.
rags, waste oil). Storage near heat sources (i.e.. steam
or hot water lines, furnaces, stacks. hot water tanks,
hot sewer lines) should be avoided. Coal should always
be spread in horizontal layers, not in conical piles.
Runoff can be controlled by berms.

Equipment used in open coal storage systems in-
cludes bulldozers, scrapers. carrvalls. bridges. tram-
ways, cranes and buckets. and convevor systems.
Bulldozers and scrapers cost between $25.000 and
$60.,000. Important recurring costs are fuel. repair and
maintenance, and labor. Storage systems can cost as
much as $2,000,000 for large installation-scale plants.

Covered Storage

Active coal storage is nearly always maintained n a
covered structure such as a bin. silo, or bunker. The
type of structure selected depends on the amount of
coal to be stored. Bins are generally suitable for small
plants, while larger plants require silos or bunkers
designed to conserve floor space and permit convenient
fuel flow to the process. Utility-scale plants tvpically
use large silos or bins outside the plant.

Covered storage for reserve coal is an increasing
practice. Advantages include the ability to fill and
discharge without mobile equipment. minimize coal
losses, and maintain coal in good condition. It is also




acsthetically preferable and maximizes use of available
land arca. The strongest disadvantage is its initial and
operating costs.

Bunkers are overhead storage bins arranged o1
gravity coal flow to the coal-processing equipment.
They are top fed, usually from the unloading point, by
a distributing conveyor or automatic trip station when
a bucket elevator is used. Bunkers are typically fab-
ricated from steel plate and lined with concrete or
gunnite.

A vatiety of bunker configarations exists. Cylin-
drical bunkers are vertical circular bins suitable for
small coal operations. They are comparatively low in
first cost, are self-cleaning, and lend themselves to a
unitized boiler-bunker arrangement. Rectangular bunk-
ers with multiple bottom hoppers are suitable for
feeding a battery of boilers. Hopper sides are often
lined with stainless steel to improve coal flow char-
acteristics. Suspension (or catenary) bunkers also have
multiple outlets suitable for feeding a battery of boil-
ers, but are not self-cleaning.

Several Army boiler plants already have coal bunk-
ers. Care must be taken to ensure that they will ac-
commodate the coal to be fired, since they were
probably designed for another coal with different flow
properties. Careful analysis must also be made when
considering using an existing bunker for RDF or
RDF/coal mixtures; these solids have highly difficult
flow properties and the bunker and feeding systems
will normally require modification to handle them.

Bunkers are subject to large internal static loads. In
retrofitting a bunker to an existing plant, careful atten-
tion must be given to the design of structural reinforc-
ing, supporting structures, and foundations.

Installation-scale coal bunkers can cost up to
$1,000,000 depending on capacity, configuration, and
installation requirements. They require very small
O&M costs. A variety of flow aids such as bin vibrators
and gas injection systems are available to reduce mod-
ifications required when storing a nondesign coal; their
costs range between $10.000 and $200,000.

In-Plant Handling

In-plant handling refers to the movement of coal
between final storage and processing equipment (boil-
ers or gasification vessels). In rudimentary systems, the
in-plant handling equipment can consist only of chutes
to direct flow to individual processing units and valves

or gates to control ow. Some plants may nclude a
conveying system (o feed coal from any bunker outlet
to any processing unit. Large-scale plants can have
very complex handling systems including some or all
ol the following cquipment: belt convevors, screw
convevors, light conveyors, bucket elevators, chutes,
lift trucks, monorails and tramways.

Depending primarily upon complexity and capacity .
in-plant handling systems can range up to $2.500.000
in first cost. Important recurring costs are electrical
power and maintenance and repair.

Weighing and Measuring

Coal must be weighed upon delivery to ensure
correct payment. It must also be weighed just before
reaching the boiler (or other process vesscl) m order
to evaluate overall plant performance.

Delivered coal can be weighed at the unloading
point or elsewhere in the handling system. Basic scale
types are truck. rail, combination truck and rail. and
conveyor belt units. All but the conveyor belt units
record directly measured weight. The conveyor belt
unit continuously weighs coal by multiplying the
varying load on the belt by the belt speed. Weight
indicators include dial (with optional automatic
printout), registering beams, and digital indicators.
Capital costs for truck scales range between $30.000
and $80,000, for rail scales between $75.000 and
$160,000, and for conveyor belt weighing systems
between $20,000 and $80.000. Cost of combination
truck and rail scales can be as high as $200.000. All
costs are highly dependent on capacity. measurement
mode, installation requirements, and type of readout.
Important recurring cost items are maintenance and
repair and electrical power.

Scales or feeders can be used to weigh coal between
the bunker and process vessel. Scales have typical
capacities between 10 tons/hr and 30 tons/hr and
consist of a weigh-lever system. weigh hopper. and
feeder. Capital costs range between $30.000 and
$50,000, depending on capacity. type of recording
device, and installation. Weigh feeders are usually
limited to pulverized coal-firing and coal gasification
systems. The recommended configuration is the table
feeder, which operates on a start-stop basis and is
controlled by the fuel demand of the vessel. Other
feeders such as pocket, drag, and apron tvpes are
volumetric devices operated by the combustion control
system. Belt feeders are highly accurate volumetric
devices which are recommended when precise control




of particulate in flue gases is necessary, either before
release to the atmosphere or entry to air pollution
control equipment. Feeders with weighing capability
have a cost range similar to that of scales. Important
recurring costs for scales and feeders are maintenance
and repair and electrical power

COMBUSTION SYSTEMS i: BOILER
CONVERSION

Conversion of installation boilers to coal will most
likely involve stoker-firing technology. Nearly all
installations lack the economy of scale required to
make pulverized coal systems cost-competitive with
conventional stoker systems. It is probable that most,
if not all, Army boilers designed to fire oil and gas will
not be converted to coal, but instead will either be
replaced (perhaps by larger central coal-fired units) or,
i a few cases, fired with coal-derived gas. Instaliation
boilers designed to fire gas and oil can seldom be
converted to coal economically, which is a key factor
in the coal conversion problem. This chapter furnishes
general information on the conversion of boilers to

coal.

Coal-Convertible Boilers

The project developer must determine whether a
given boiler can be converted to coal and maintain
rating. I general, package oil- and gas-fired boilers are
not convertible, while site-crected boilers designed to
fire heavy fuel oil (Bunker C. heavy distillate. No. 6)
may be. Of the latter, some may sacrifice rating by up
to 40 percent in the conversion. Others, which were
designed for coal conversion, may have only a small

rating loss. depending on the nature and properties of

the coal to be burned. Boilers which once fired coal
can be restored to using that tuel, but, once again, the
success of maintaining rated capacity depends on the
supplied coal.

Determining Convertibility

The most reliable way to determine the feasibility
of converting a candidate boiler to coal is to ask its
manufacturer.  The  project  developer should  first
collect information on (1) coals most likely to be
burned: (2) records indicating annual. monthly, daily
and hourly steam production: (3) the original boiler
plant project development package which indicates the
design basis of the candidate system: and (4) boiler
nameplate data. The manufacturer will probably re-

quire its own engineers to spend a day or two at the
installation inspecting the candidate plant and gath-
ering further data. The manufacturer will generally
give a frank assessment of whether the boiler can be
converted, and of the magnitude of woik and costs
involved.

It is generally imprudent for installation engineering
staff to attempt such an assessment in the project
development stage. Even traditional coal-use technol-
ogy can be very complex, and appraisals made by
design experts are more likely to be accurate.

Although it is recommended that boiler convertibil-
ity be determined by the manufacturer. the project
developer can contribute to overall project success by
being familiar with the technology and main problems
involved. Key areas are furnaces and stokers. combus-
tion control and management, and removal of ash and
residue. A general introduction to coal combustion and
boilers can be found in TM 5-650, Repairs and Util-
ities: Central Boiler Plants (DA, 1962). Chapier S of
this report provides more detailed information on the
key areas mentioned above. Subsequent paragraphs
here provide general information on several cases of
industrial-scale coal conversion in order to illustrate the
practical and economic significance of the retrofit
problem.

Fuel Considerations

As stated earlier, the most important design consid-
eration for a boiler plant is the fuel to be bumed A
general idea of probable coal supply must be obtained
in project development stages if a conversion project
is to be technically successful.

The most important differences between coai-fired
and oil- or gas-fired boilers are a direct result of the
solid form of coal before burning and the ash con-
tained in its combustion products. The combustion
products from oil burning contain little ash. and
natural gas produces no ash. As shown in Chapter 3.
coal must be unloaded. handled. stored. and sometimes
prepared before firing, whereas oil and gas require little
preparation.

Coal-fired boilers must have larger furnaces because
of the burnout time needed for solid coal particles and
because of the ash produced. Figure 1 illustrates the
different furnace sizes for coal, oil, and gas for equal
steam production. The coal-fired boiler requires about
2.5 times more furnace volume than the gas-fired unit
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Figure 1. Furnace size vs. fuel fired.

Attempts to fire coal in the gas-designed unit would
obviously result in drastically reduced steam output.
Firing coal in the oil-designed unit would also result in

" derating.

Coal properties also play a major role in the feasibil-
ity of conversion. Differences in heating value and their
impact on required outdoor storage area requirements
were shown earlier. Of interest here is the interplay
between ash fusion properties, the ratio of basic to
acidic ash constituents, the iron/calcium ratio, ash
friability, and the absolute amount of ash per MBtu
fuel fired.
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The furnace sizes shown in Figure 2 arise from the
interplay of different coal properties. The furnaces on
the right are for low-rank lignites which are high in
moisture and ash and low in heating value. The fur-
naces on the left are for Eastern bituminous coal and
high-grade Texas lignite. This figure clearly illustrates
the fuel-specific design basis of coal-fired boilers. It
would be possible to fire Eastern bituminous coal in
the unit designed for Northern Plains lignite with little
modification and probably maintain rated capacity,
but the opposite is not true. Hence, even reconverting
a coal-designed boiler may involve derating or clse
entail substantial rebuilding.
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Figure 2. Influence of coal type on furnace size.

Further, suppose the oil-fired unit in Figure 1 could
be fired with Eastern bituminous coal with a 20 per-
cent derating, that this were satisfactory in light of
projected steam demands at the location, and that a
project were developed on this basis. A later detailed
analysis revealed that only a lignitic coal could be made
available, and its use would require several million
dollars more in capital modifications. The original
project would probably be shelved and another devel-
oped based on known coal supply, delaying the coal
conversion effort up to several years.

Ash properties also vary widely among coals and are
important to consider when evalvating boiler conver-
sion, with emphasis on those properties which cause
fouling and erosion in convective passes. Substantial
redesign and modification is often required to cnsure
proper life-cycle performance of reheaters. econ-
omizers. superheaters (if present), and evaporative
surfaces.

Capital cost of boiler modification varies widely
with boiler configuration and fuel to be fired. Some
coal conversion projects have expended as little as
$500,000 for converting industrial-scale boilers to coal,
while the cost of other boiler modifications has ex-
ceeded $15.000.000.

Case |: Gas and Oil to Caal (Utility)

In this case, two 400 MW boilers designed to fire gas
and oil were converted to fire coel as a primary fuel,
with oil backup. The overall plant site requirements tor

1o

the gas-fired units were an area measuring 1300 ft by

480 ft (396 m by 146 m). including turbine bays.

steam generators and cooling tower. The same plant
designed to fire coal required an area increased 20
times to accommodate the additional facilities required
to use coal: storage yard. ash disposal area. flue gas
treatment equipment, rail sidings. etc. The coal-fired
furnace was nominally twice the size of the gas-fired
furnace. Because of the ash content of the coal. more
liberal boiler tube spacings were required. The fumace
was elevated. widened, and deepened: and new super-
heater elements, economizer, and air preheater were
added. The stack was relocated to accommmodate flue
gas treatment equipment.

Case I1: Gas and Oil to Coal (Industrial)

In this case. two large industrial boilers designed 10
produce 650,000 Ib/hr (82 kg/s) steam from firing
natural gas were converted to burn a Western coal.
The coal-fired unit required four times the volume of
the natural gas unit.

Case I11: Gas and Qil to Coal (Industrial)

In this case. a top-supported boiler designed to
produce 400,000 Ib/hr (SO kg/s) steam from firing
natural gas was converted to coal firing by spreader
stoker. The maximum steaming capacity was 200.000
Ib/hr (25 kg/s), limited by the size of grate that could
be installed. The following general modifications were
included: furnace bottom pressure parts were modified
to accommodate a hopper bottom suitable for ash
disposal: a 16-ft (4.9-m) deep ash hopper was added




teeders, bunkers, piping were added and windboxes
modified to accommodate new burners: sootblowers
were added: superheaters and air heaters were modified
to prevent plugging caused by fly ash in the convection
passes: gas cleanup and ash disposal equipment was
added; additional fans and ductwork were added.

Case IV: Gas and Oil to Coal (Industrial)

In this case, a spreader stoker was retrofit to permit
coal firing in a boiler originally designed for gas and oil.
The bottom-supported gas-fired unit originally was rated
to produce 300,000 Ib/hr steam (87 MW). After con-
version, it was derated to 150,000 Ib/hr (43.5 MW).

Case V: Restoration of Coal Capability (Industrial)

In this case, a study was conducted to determine the
technological and economic aspects of restoring coal
capability to a boiler house at an Army ammunition
plant. The three 125,000 Ib/hr (15.7 kg/s) boilers that
were designed to fire pulverized coal in the 1940s were
converted to natural gas in the 1960s and mothballed
in 1972. The study indicated that the design coal was
unavailable. To accommodate the available coal re-
quired substantial interior boiler work. New burner and
combustion management equipment was required,
nearly all fans had to be either rebuilt or replaced, and
the coal handling and storage system required complete
rehabilitation. The study recommended replacing the
antiquated water treatment system. Total cost of re-
storing coal capability was estimated to be $7,500,000.
Including equipment for removal of particulate and
sulfur oxide pollutants from the flue gas, the cost
could exceed $20,000,000.

Case VI: Coal-Convertible, Oil-Fired Boiler to RDF
(Industrial)

In this case a boiler designed in the 1940s to fire
heavy fuel oil and to be convertible to coal is being
modified to fire 100 percent RDF. The boiler is rated
about 25,000 Ib/hr (3.1 kg/s) steam. The RDF is once-
shredded municipal solid waste and will be purchased
for an estimated cost of $0.68/MBtu ($0.00064/J).
To accommodate the RDF, the boiler had to be
completely rebuilt. “Coal convertibility™ in this case
consisted of little more than an indication on the plant
blueprints of approximately where a pit might be dug
for bottom ash removal. In addition to boiler rebuild-
ing, air pollution control and sophisticated RDF
handling equipment had to be installed. Current es-
timates place the cost of this project at $8,000,000.

Case VII: Firing Coal and POL (Industrial)
In this case, a coal-fired boiler rated at about
60,000 Ib/hr (7.5 kg/s) steam was receiving nondesign
(off-specification) coal and experiencing difficulty
maintaining optimal combustion. This location also
had a significant amount of waste oils, consisting
mainly of lubricants and crankcase oil, which were
being sold to a scavanger at a low price. Engineers
experimented with firing the waste oils with coal on
the traveling grate stoker and found that some coal
could be conserved and, more importantly, that coal
combustion could be improved. In this system, the oils
are fed onto the coal just prior to its feeding into the
boiler. An investment of less than $10,000 was re-
quired for the oil transfer and handling system. This
operation has been successful for several years.

COMBUSTION SYSTEMS II:
BOILER REPLACEMENT

In some cases it may be necessary to replace existing
boilers with units designed to fire coal rather than
convert them. As indicated in the previous chapter,
most gas- and oil-fired plants cannot be converted
easily to coal-firing. This is particularly true for pack-
age boilers, but even boilers designed to fire coal may
sacrifice some rating in reconversion. Moreover, al-
though some boilers might be convertible to coal
technically, they may be either technically obsolete or
so old that a long future operating life cannot be
guaranteed. Outlying package boiler plants are likely to
be eliminated in the coal conversion effort. with their
functions being taken over by large centralized sys-
tems. This chapter provides general technical and
economic information on new coal-fired heating and
power plants. The discussion includes ash removal
systems, but not handling and storage, air pollution
control, and salvage fuels, which are covered in sep-
arate chapters.

Stokers

The two general classes of stokers are underfeed and
overfeed, depending on the direction from which coal
reaches the field bed. Types of underfeed stokers are
single retort and multiple retort. Types of overfeed
stokers are spreader and mass-burning, and members ol
the latter group are usually referred to by specific
design: chain-grate, traveling-grate, and water-cooled
vibrating grate.




Plant cost depends on the type of firing method
selected, and this in turn depends largely on both the
steam load profile at the location and the properties of
the coal to be burned. Table 2 furnishes information
on the general characteristics of stokers with respect to
these variables, and Table 3 indicates the performance
of stokers with respect to solid fuel properties. Vi-

brating-grate and multiple retert underfeed stokers
have been omitted. Modern boiler technology now
emphasizes the traveling grate and spreader stoker
types, and these will probably be the most used firing
technologies in Army systems, particularly in light of
their high potential for firing salvage fuels.

Spreader stokers use a combination of suspension
and bed burning (Figure 3). Coal is continuously dis-
tributed either by mechanical or pneumatic modes
from the front to the rear of the furnace above a
burning fuel bed. Ash falls from the continuously
forward-moving grate into a hopper at the front of the
furnace. Up to SO percent of the burning can occur in
suspension, but 20 to 25 percent is typical. As a result,
higher particulate loadings in the flue gas occur, but
this disadvantage is often outweighed by very fast
response to load swings. Turndown generally extends
from 20 percent to full load capacity, but minimum
load can reach about 12 percent if provisions are made
at the design stage.

A variety of grates can be used with the spreader
stoker. The simplest and least expensive type of grate
is the stationary grate, which must be cleaned man-
ually. Uncooled grates accommodate boilers in the 5
to 30 MBtu/hr (1.4 to 8.8 MW) range but are rarely
used: the boiler is so small that the necessary flue gas
cleanup equipment cannot be justified economically.
Similarly, dumping grates are used less and less. as air
pollution laws have become more stringent. Contin-
uous self-cleaning grates of the following types are
favored: reciprocating, vibrating, and oscillating.
Attainable heat release rates range up to 600,000
Btu/sq ft-hr (1 800 000 W/m?-hr). Use of a traveling
grate in a spreader stoker will raise this to 750,000
Btu/sq ft-hr (2 400 000 W/m?-hr).

The reciprocating grate consists of lateral rows of
overlapping grates which move the fuel bed forward.
Frequency of the reciprocating cycle is synchronized
with fuel and air supply. This grate can be used on
boilers rated up to 75 MBtu/hr (22 MW), accom-
modates a wide range of bituminous and lignitic coals

without preparation other than sizing, and aliows using
shallow pits for floor-level ash removal. It therefore can
be used in converted boilers where available ash re-
moval space is small.

The vibrating grate differs from the reciprocating
grate in that grate travel is by vibration. which is
accomplished by an eccentric drive assembly niounted
at the front end of the boiler. Frequency and duration
of vibration cycles are automatically timed to respond
to boiler load.

Oscillating grates can be adapted to boilers ranging
up to 150 MBtu/hr (44 MW). The grate is inclined to
the ash discharge end. Flexure plates impart motion
that causes the grate to oscillate.

For high-efficiency operation, a continuously dis-
charging grate such as the traveling grate is favored.
Particularly because of its higher burning rates, the
traveling grate is now the most popular grate config-
uration for spreader-stoker boilers rated more than
about 65 MBtu/hr (19 MW). These grates continuously
travel at wide range of coals and salvage fuels. Where
possible, a traveling grate is preferable in converted
boilers because of its high allowable heat release rates
and capability to burn a variety of fuels.

Mass-burning stokers rely completely on bed-
burning. Chain grate and traveling grate stokers are
fundamentally the same. except that the links of the
chain grate stokers are assembled so that they move
with a scissor-like action at the return bend. The
traveling grate resembles a continuous conveyor belt.
In a typical mass-burning operation, coal is gravity-fed
from the bunker to a hopper along the boiler front wall
and enters the furnace after passing under an adjustable
gate to regulate fuel bed thickness.

Chain- and traveling-grate stokers (Figure 4) can be
used in boilers up to 200 MBtu/hr (S8 MW) and are
well suited to fire a wide variety of coals and salvage
fuels. Screenings of 1.25in. (31 mm) and less are
normally used. Such stokers are, however, sensitive (o
strongly caking coals, which inhibit passage of under-
fire air to the fuel bed and can result in lower effi-
ciency because of unburned carbon being discharged
to the ash pit. Use of strongly caking coals will also
mean sacrificing responsiveness to rapid load swings
when using chain- and traveling-grate stokers.




Table 2

General Stoker Characteristics*

Spreader With Chain and
Traveling Traveling
Capability Grate Grate Underfeed
Rapid load increase | 3 3
Minimize carbon loss 3 2 3
Overcome coal segregation 3 4 4
Vire wide variety of coals | 4 4
Fire fine coal 4 4 4
Good burnout at all loads 4 2 2
Minimal tlyash in stack gases 4 2 2
Maintain steam load under poor 2 4 4
operating conditions
Minimal maintenance 2 2 3
Minimal power consumption 2 2 2 {
(stoker, auxiliaries)
Ash and cinder handling 1 2 3 f
*1 — Excellent
2 - Good i
3 Fair |
4 — Poor ‘
¥
I
|
Table 3 |
Influence of Fuel Properties on Firing Method
Solid Fuel Firing Method
Underfeed Underfeed Traveling Spreader
Single Multiple Grate Stoker
Solid Fuel Property Retort Retort
As-fired size consist 1 2 2 1
Moisture 3 3 4 3
Caking index 2 2 1 3
Ash fusibility 2 2 3 3
Grindability 4 4 4 4
Friability 3 3 3 3
Volatile matter 3 3 3 3
Fixed carbon 4 4 4 4
Ash content 3 3 2 3
Heating value 4 4 4 4
Ash viscosity 3 3 3 3

Ash composition*
Sulfur**
Chlorides**

*Affects fireside fouling; not important to combustion.
**Important from corrosion standpoint, not vital to combustion.

Very Important
Important

Minor Importance
Little Importance

B W oo ~—

LR T R o ' 3 iy VORI TE% TETIRL | ok L fy

v —




FUEL HOPPER &

FEEDER

OVERTHROW
ROTOR

STOKER
CHAIN

!
\

OVERFIRE

ASH HOPPER

AIR PLENUM

Figure 3. Spreader stoker with traveling grate.

Ash and Residue Removal

Three general categories of systems for removing
bottom ash and fly ash are exhausters, pneumatic. and
sluicing. For smaller plants (e.g.. those operating at
250 MBtu/hr |73 MW]| and less) steam exhauster
systems are usually selected. Fuel ash content, method
ob firing, and the type and amount of ash collected
determine specilic selection. Coal ash content can be as
high as 25 percent, and if certain salvage fuels such as
RDF are fired with coal. the composite ash content can
vary up to 40 percent. I the project developer is un-
certain about what fuel(s) will be fired either in new or
converted boilers. it is better to overestimate ash
quantity to ensure sufficient handling capability.

The major elements of an exhauster system are as
follows. A pneumatic conveyor moves ash from collect-

20

ing hoppers at stack and furnace to an atr-lock receiver
which separates the air and ash. An automatc dis-
charge gate. usually of the swing type. channels the ash
to a storage bin. Air from the separator still contains
fine particles which must be removed before it is
released to the atmosphere. An air washer accomplishies
this. A steam, water, or mechamical exhauster can be

used: the mechamcal type s most el ficient

The mechanical exhauster s typreally & motos
rotary.
purpose of the exhauster is to provide higher pressure

driven, positive-displacement  blower.  The
at the pneumatic conveyor inlet end by reducing air
pressure at the discharge end. To do this. the exhauster
draws a large volume of air out of the receiver and
separator. causing an influx of air that closes the swing-
ing gates. The exhauster typically cveles tor 90 seconds
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Figure 4. Chain grate stoker.

during which there is high velocity Now through the
pneumatic line. When the exhauster shuts off, the
vacuum breaks, and discharge gates swing open. The
cycle is repeated automatically until all ash has been
removed. It is manually activated by operators. The
mechanical exhauster uses less energy than the other
types, keeps air displacement  constant, produces
uniform tflow velocity, and consumes power in propor-
tion to the actual ash load being carnied by the system.

Pneumatic systems are generaliy recommended for
large plants. They have the advantage of high long-
distance conveying capacity, which may be benetficial
in retrofit applications where there is not enough room
near the plant for an ash silo

Wet systems are not recommended for industrial-
scale plants, principally because of disposal and water
treatment requirements, which can substantially in-
crease overall operating costs. Even when wet scrubbers
are used for air pollution control, separate dry systems
are recommended for removing bottom ash, fly ash,
and residue captured by dry particulate removal equip-
ment.

Capital costs of exhauster removal systems, includ-
ing outdoor silo, can range up to $250,000, depending
on quantity handled and, in retrofit applications, on
construction difficulties. Important recurring cost
items include electrical power and maintenance and
repair.

Coal-fired boilers typically contain an ash hopper
below the convecture pass. In boilers of 50 MBtu/hr
(14 MW) capacity and larger it is often cost-etfective to
reinject the fly ash captured at this stage (and some-
times aiso from downstream dust collectors) into the
furnace in order to minimize carbon losses in fly ash.
Fither gravity or pneumatic reinjection systems can be
used. It is often advantageous to adapt the overfire
air system to reinject fly ash. since such systems can
result in improved fuel use and increased overall plant
efficiency.

Controls

Controls serve to modulate fuel supply. to maintain
constant steam flow and pressure under varying loads,
and to correct and maintain the optimal ratio of
combustion air to fuel flow. Series control systems
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control one variable (air or tuel) as the basis for adjust-
ing the second variable (fuel or air). In parallel systems,
a change in steam pressure initiates simultancous
changes in both fuel and air supply. Combination
series-parallel control systems are usually set on steam
flow to adjust the fuel feed rate. Parallel systems are
favored in boilers rated up to 100 MBtu/hr (29 MW),
and are gaining preference in larger industrial-scale
units. Most parallel systems include control of the air-
fuel ratio, and allow operating personnel to offset
variations in fuel characteristics, combustion condi-
tions, and key characteristics of final control elements.

Most installation central boilers were designed and
built between 1935 and 1950, when pneumatic direct-
connected analog control systems were state of art.
Current technology involves integrated circuit digital
and analog systems, and will probably shift entirely to
digital controls in the 1980s. Such control systems are
far superior to ones prevailing on installations and
should be included not only in the design of new
boilers, but also in conversion of existing ones.

Multiple fuel firing can involve either proportional
or preferential firing of one fuel. In proportional firing,
one fuel is usually base-loaded manually, while the
other is modulated by the automatic total fuel con-
troller. Preferential systems use two controllers; as
demand increases, a secondary fuel computer calculates
the differences between firing-rate demand and pri-
mary fuel flow. and the data are used as a set point for
the secondary fuel controller. Hence, state-of-art
technology can be used to control cofiring salvage
tuels such as RDF and biomass.

While the combustion control system modulates air
and fuel input in response to load changes, a burnet
management system is essentially an on-off control
permitting firing at any load when conditions are safe.
Modern burner systems include microcomputer tech-
nology which automatically checks certain boiler
parameters simultancously during startup and opera-
tion, and, based on the datu, either permits operation
to continue or initiates shutdown. Modern burner
controls (including flame safety and safeguard systems)
must be included in any conversion effort. Investment
costs range between $250.000 and $800.000 per
boiler.

Costs
Many capital cost elements associated with boiler
replacement are site-specific and must be estimated

$ &)

locally. Capital costs for traveling grate and spreader-
stoker equipped boilers in the 25 to 200 MBtu ' hr
(7.2 to 58 MW) capacity range are between $235.000
MBtuhir ($7300/MW) capacity to $40.000 MBtu-ir
($11,000/MW) capacity, with spreader-stoker systems
at the high end. Additional costs of auxiliaries and
buildings which must be considered can bring total new
plant costs to between $80,000/MBtu-hr ($23.000/
MW) capacity and $125.000/MBtu-hr ($36.000 MW)
capacity, excluding air pollution control equipment.

Important recurring cost items are labor and main-
tenance and repair. Cozl plant operation historically
has been labor-intensive, with some industrial plant
staffs numbering as many as 15 men per shift. bven
with greater automation being incorporated into coal-
fired steam-production systems. the personnel require-
ment is substantially higher than for gas- and oil-fired
systems. Maintenance and repair costs dre also ereater.
ranging from 3 percent to 4.5 percent of the capital
cost of the plant. These figures exclude labor and
maintenance and repair on air pollution control equip-
ment, which is treated in Chapter &.

6 SALVAGE FUELS

Salvage fuels available to numerous Army installa-
tions include refuse-derived fuel (RDF), waste wood
(biomass), and waste POL. The quantity and quality of
each varies with location. In developing a coal conver-
sion project, availability of salvage fuels which might
be cofired with coal should be assessed.

RDF

RDF is mixed
relatively  homogeneous, highly  cellulosic solid fuel
Use of RDF is determined by comparing the capital
and life-cycle costs of (1) establishing a new heat-

solid waste beneficiated into a

recovery incinerator plant and (2) processing mized
solid waste into RDF for use as a supplementary tuel in
an existing boiler. Production of RDF usually entails
at least two shredding stages. air classification. screen-
ing, and sometimes drying and pelleting. Army installa
tions usually do not generate enough solid waste 10
economically justify the $2.500.000 to $5.000.000
imvestment required for an RDF production line. 1 is
possible that installations will eventuallv be able 1o
procure RDF from large civilian resource-recoven
enterprises. although uncertainties
specification and length of purchase agreement must he
resolved before RDF can be widely used

regarding  fuel
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No experience has accumulated in firing RDF with
either natural gas or fuel oil in installation-scale heating
and power plants. It is probable that Army use of RDF
will emphasize supplementing coal with pelleted or
densified RDF (DRDF) in coai-fired botlers.

Use of DRDF in existing coal-fired boilers has yet
to be demonstrated over the long term. Current EPA
demonstration of cofiring DRDF and coal i a spreader
stoker-equipped boiler in Hagerstown, MD. has a-
massed only 123 hours of experimental operating time
at about half-load Uoiler operation. Firing DRDF in an
existing boiler without major modification faces the
same limitations discussed earlier for using low-quality
coals. DRDF has a lower ash fusion temperature than
nearly all coals, a calorific value of about 6900 Btu/lb
(16 MJ/kg), and bums more rapidly and coolly than

coal. Conclusive proof-of-concept demonstration of

cofiring DRDF and coal in a converted boiler is 2 to 4
vears away.

Conversely. new boilers can be and have been de-
signed to fire RDF and coal. Most popular is the
spreader stoker, where RDF is fired pneumatically and
the coal mechanically. If a continuous, reliable supply
of low-cost RDF is available, RDF can be considered a
technically viable candidate for cofiring with coal in a
new hoiler. Major factors limiting Army use of RDF

are procurement questions (fuel specification, length of

agreement) discussed earlier.

POL

The firing of waste POL in existing gas-. oil-, and
coal-fired boilers is technically feasible and is gaining
operating experience rapidly. It is Army policy that
POL be used wherever feasible. Such wastes can also be
used as supplementary auxiliary fuel in heat-recovery
incinerators. Air Force studies have shown that the
following materials can be fired as a supplement in
oil- and gas- or coal-fired boilers with minimal boiler
modification: waste aviation piston-engine oil: mix-
tures of piston-engine oil, synthetic turbine lubricant,
and hydraulic tluid: complex mixtures of piston-engine
oil, synthetic turbine oil, hydraulic fluid, and Stoddard
solvent: JP<4: and JP-4 contaminated with Avgas. The
Army has successfully fired waste motor vehicle lub-
ricant and crank-case oil; the materials are spread on
lump coal just before it is fed to the stoker, leading to
improved coal combustion.

Capital costs of waste petroleum oil and lubricant
firing can range between $500 and $10,000 per boiler,

depending on the extent of burner modification re-
quired and the cost of handling the material. Savings of
virgin fuel will usually pay back these relatively small
investments of 1 to 4 years.

Wood Waste (Biomass)

Wood-fired boilers have a long history of successful
operation. particularly in forest industry arcas such as
the Pacific Northwest. Many such systems suspension-
fire hogged wood or bark, while some use grate-firing
technology. A recent development is “Woodex™
hogged wood and/or sawdust pelleted in a mechanical
extrusion mill.

Capital costs for installation-scale wood-fired boilers
can range from $800.000 to $20.000).000, depending
on capacity. Production cost of “Woodex™ can range
between $25 and $40/ton (including capital amortiza-
tion), depending on plant capacity. purchase price, and
transportation cost of raw material. Where a sufficient,
continuous supply of forest waste is ensured, wood-
firing systems can be economical on an Army installa-
tion. Cofiring wood waste with coal in new boilers
both to conserve coal consumption and dilute sulfur
oxide emissions to within compliance levels is also felt
to be technically feasible. but no cost or long-term
performance data are available to confirm this.

7 COAL GASIFICATION

Coal gasification systems might be cost-effective at
installations having a substantial number of package
boilers that are designed to fire natural gas or oil. Coal-
derived gas can easily be fired in existing large boilers
designed to fire either heavy fuel oil or coal. In some
instances, the installation will own and operate a coal
gasification plant. As commercial interest in coal
gasification continues its rapid growth, installations
may function as a market for commercially produced
£4as.

Several coal gasification technologies exist. but
little is known of their potential in installation-scale
applications: most are in advanced development and
have not yet been proven. Most commercial plants are
relatively large-scale operations, while developing
technologies are mostly pilot scale. Coal gasification
systems usually produce a fuel with a heating value
between 100 and 150 Btu/sef (3.7 to S.6 MJI/m*).
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High-Btu gasification systems produce a fuel with a
heating value between 700 and 900 Btu/scf (26 to 33
MJ/m?), but are largely developmental. Commercial
medium-Btu coal gasification systems produce a fuel
with a heating value between 250 and 400 Btu/scf
(9.3 to 14 MI/m?).

Furnace Considerations

Several considerations are important when devel-
oping a coal gasification project. particularly when
coal-derived gas is used in existing package boilers.

Recent studies have clearly demonstrated that when
the heating value of the coal-derived gas is below about
300 Btu/sci (11 MJ/m?), there is usually difficulty in
enlarging the burners or increasing the number of
burners to fire the fuel in package boilers and maintain
rated capacity. Below this heating value. the fuel pipes
or ducts must be increased in size, which is difficult in
compact package plants. Although it is sometimes
necessary to enlarge the furnace when firing a low-Btu
gas, units designed for coal and heavy fuel oil will
probably have little difficulty firing gas with a heating
value from about 250 Btu/sef (9.3 MJ/m?) upward.
For these units, efficiency increases of up to 6 percent
are possible, while efficiencies for gas- and oil-designed
package boilers drop by as much as 20 percent when
firing low-Btu gas. Finally | low-Btu gas requires costly
upgrading to reach pipeline quality, while gas with a
heating value of 300 Btu/sct (11 MJI/m?*) and higher
can be easily transported by pipe.

In developing a coal gasification project. use of

medium-Btu gas should be considered. as it offers the
highest potential for successful use in existing boilers.

Gasification System and Costs

A coal gasification system requires coal delivery,
handling, and storage systems discussed carlier. It also
includes a separate major process plant for production
of coal-derived gas. The most commercialized process
for producing medium-Btu gas from coal is the Kop-
pers-Totzek process marketed by Koppers Engineering
Company, Pittsburgh, PA.

This process uses an atmospheric pressure. oxygen-
blown, entrained flow gasifier (Figures S and 6) and
requires that coal be pulverized to 70 percent minus
200 mesh. A homogeneous mixture of oxygen and coal
is injected into the gasification vessel through pairs of
opposing coaxial burners arranged so that their jets
converge. Either two or four such burner heads can be
used. Volatiles and char are converted primarily to
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carbon monoxide and hydrogen. About hall the ash
falls to a quench tank, and half is entrained in the
product gas. The gas is spray-quenched to solidify
molten ash and passes to a waste heat boiler which
produces process steam. After further cooling. the gas
is treated to remove fine particulate and sulfur. Typical
gas compositions are shown in Table 4.

Capital costs of a plant for producing medium-Btu
coal gas range between $15,000,000 and $45.,000.000
for installation-scale systems. Important recurring costs
are labor, electrical power, and maintenance and repair.
Current plants have staffing of up to 20 persons per
shift, and maintenance and repair costs can amount to
as much as 6 percent of the installed capital cost ol the
plant. Disposal of byproducts can be an nnportant
factor where landfills are either not readily available or
are reaching depletion. Specific annual cost data on
applying this system on the installation scale
available.

are not

8 AirPOLLUTION cCONTROL

Reducing emission of aiy polintants to within com-
pliant levels is one of the greatest challenges the Army
faces in its coal conversion effort. The major pollutants
to be dealt with under today's laws are particulate
matter and the gaseous oxides of sulfur and nitrogen.
While the burning of coal has a very long and firmly
established history. the opposite is true m the case of
separating these pollutants from stack gases at the high
efficiencies generally required

Besides being of recent development. many available

air pollution control technologies are high w furst cost,
consume large quantities of electrical power. and r¢
quire many operating personnel. For these reasons. it
is usually not economical to convert or replace out-
lving small plants with coal-fired units. Even in the case
of new, large. central coal-fired heating and power
plants, the cost of sophisticated air pollution control
technology sometimes can equal that o
burning system.

f the new coal-

Technology for removal of particulate pollutants
has a longer track record than that for sulfus
nitrogen oxides. Both electrostatic precipitators and
baghouses (fabric filters) have been used successfully

This equipment usually is preceded by a cvelone
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Figure 6. Koppers-Totzek coal gasifier.

Table 4
Composition of Coal-Derived Gas
From Koppers-Totzek Process

Item™* Regional Coal
Western Hlinois Fastern Eastern

0 58.68 5538 55.9 52.5
COy 7.04 7.04 7.18
i, 3286  34.62 35.39
Ny 1.12 101 1.14
Hos 0.28 1.83 0.35

COS 0.02 (4% 0.04
CHy

Crin NA** NA

P

S(gm/MBtu)

HHV(Btu/scf) 295

* Volume Percent
** NA-Data Not Available
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separator to remove larger particles and permit flue
gases to cool soinewhat. Nevertheless, fabric filtration
systems for coal-fired plants usually employ high-
temperature-tolerant media such as fluorocarbon,
which is among the most costly media marketed.

Scrubbers can also be used for particulate removal,
but they are preferred for removal of gaseous pollut-
ants. Most commercial and developing systems for
sulfur oxide removal use scrubbers and a chemical
medium such as lime, limestone, magnesium, or sodium
to treat the sulfur.

Using scrubbers introduces into the already complex
coal conversion situation the additional factors of
water treatment and sludge disposal. Scrubbers on
larger heating and power plants firing high-sulfur, high-
ash coal will generate vast quantities of byproduct
whose disposition can add up to $2,500.000 to annual
operating cost. Disposal alternatives include lined and
unlined ponding, and mechanical dewatering. Water
recirculating systems are preferred to conserve both
water and land area. Capital costs of disposal systems
can range from $2.000,000 to $10,000,000, with
sophisticated lined ponding systems at the high end.

The future of air pollutant emission guidelines is
very uncertain. The (draft) national energy strategy
encourages scrubbing flue gases at all coal-fired plants.
USEPA has proposed new guidelines requiring removal
of 90 percent of sulfur in the flue gases, regardless of
concentration. It is probable that new legislation will
be introduced requiring efficient removal of specific
particulate materials established as being hazardous or
toxic. These factors will certainly impact upon the now
competitive low-sulfur coal market. Moreover, they
will strongly affect the viability of using salvage fuels
(RDF, biomass, and POL) with coal both to dilute
emission of certain pollutants to within compliance
levels and to conserve coal.

These uncertainties pose serious difficulties for the
designer and project developer alike. The project
developer must obtain information on the sulfur and
ash content of the fuel(s) most likely to be burned and
on the probabie firing method. For most stoker-firing
technologies, nitrogen oxides emission is not expected
to be a problem and, in the cases where it is, process
controls generally will be usable to reduce nitrogen
oxide concentration to compliance levels. Major chal-
lenges will be faced in reducing particulate and sulfur

oxides. In planning systems for the reduction of these
pollutants, one must assume full load plant operation
and compliance with the most stringent emission guide-
lines in effect at the plant location.

Cost of air pollution control equipment is perhaps
the most powerful argument used by proponents of
coal gasification systems, particularly in retrofit situa-
tions. Coal gasification can reduce emission of air
pollutants from boilers by not allowing them to enter
the boilers in the first place. This avoidance engineering
measure must be justified by comparing the capital
and life-cycle opercting and maintenance costs of new
gasification and retrofit emission control systems.
Process and cost information on available emission
control systems in the following paragraphs will assist
the project developer in making this decision. Other
costs are site-specific and must be estimated locally.

Particulate Control

Equipment for removing particulates from flue gases
includes mechanical collectors, electrostatic precip-
itators and fabric filters (baghouses). Technical details
and design guidance for implementing this equipment
can be found in TM 5-815-1, Air Pollution Control

Design Manual (DA, 1978). Only a brief description of

this equipment is provided here.

Cyclonc collectors are widely wused particulate
removal devices, and many Army boiler plants designed
for coal have them installed. Two widely used types are
shown in Figure 7. Particulate-laden gas passes tangen-
tially into a cylindrical or conical chamber and exits
upward through a central opening. The resulting vortex
motion creates a strong centrifugal force field, in which
the particles, by virtue of their inertia. separate from
the carrier gas stream. They then migrate along the
cyclone walls by gas flow and gravity and fall into a

storage receiver. Depending on the carbon content of

the fly ash, it may be reinjected into the boiler

Capital costs of cyclones for industnal-scale plants
range between $15.000 and $200.000 depending on
particulate load, required efficiency. and retrofit
problems. As a general rule. capital costs may be
estimated at between $1.80 and $3.50 per actual cubic
foot per minute (acfim) ($0.00085 and $0.0016/m* =)
gas fow rate, where acfm ranges between 400 and 600
per MBtu-hr boiler heat input as coal. Total annual
costs for operation and maintenance can be determined
from Equation 3:
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Figure 7. Typical cyclone configurations.




0.7457 PHK + M

Eq3
6356 E [Eq 3}

where

= annual O&M costs (dollars)

= design capacity (acfim)

= pressure drop (inches of water)

= hours per year operation (hr/yr)

= power cost ($/kWh)

fan fractional efficiency (dimensionless)
annual maintenance cost ($/acfm)

i
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In using Equation 3, it should be noted that pressure
drops, P, through these collectors usually range be-
tween 0.5 and 3.0 inches of water (120 and 745 Pa);
that maintenance costs, M, typically range between
$0.02 and $0.07 per acfm ($9.40 and $33./Mm*-s);
and combined fan and motor efficiencies, E, average
about 0.50.

In electrostatic precipitators, the force required to
separate particles from the carrier gas results from an
electric charge on the particles and the electric field
within the precipitator (Figure 8). Particle charging
takes place by the attachment of jons generated by an
electrical corona. Generation of the corona involves
application of high direct-current voltage between a
small-radius wire and a cylindrical or plate electrode.
Charged particles are attracted to an oppositely

Charged (-)
Particles

Particle Poth

charged plate or tube. Particles are removed to a collec-
tion hopper by vibrating or rapping the plate. Electro-
static precipitators collect particulates more efficiently
than cyclones, and are particularly effective for cap-
turing small particles. Because of their high particulate
removal efficiency, precipitators are often used to
precede those desulfurization systems which depend on
particulate-free gas. Depending on the resistivity of the
particles to charging. flue gas additives such as sulfur
trioxide are used to achieve high collection efficiency.

Retrofitting a boiler plant with an electrostatic
precipitator usually presents problems caused by the
large size of the precipitator.

Capital costs of electrostatic precipitators range
between $4.25 and $7.50 per acfm ($0.002 and
$0.003/m?-s) gas flow and depend upon particulate
load, removal efficiency, and retrofit problems. Equa-
tion 4 can be used to estimate annual costs.

G =S[JHK + M] {Eq 4]
where
J = power consumption (kW/acfm)
Values for J can range between 0.006 and 0.012, and

values for M usually vary between $0.120 and $0.375
per acfm ($56 and $177/Mm?>-s).

High Voltage Discharge Electrode (-)

Collecting Baffle

Grounded (+) Collecting Surface

Discharge Electrode
Tension Weight

Figure 8. Schematic of surface type ESP.
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Fabric filters (usually baghouses) have been used for
many years to remove dusts from industrial process
gases, notably in cement and metallurgical operations.
They have been installed more recently on coal-fired
boilers and have performed successfully. In a typical
baghouse as shown in Figure 9, the fabric is formed
into a vertically hung tube or sleeve closed at the top.
As the stack gas is drawn through the bag, the collected
dust forms a loosely deposited cake on the inside.
Periodically the gas flow is diverted and the dust re-
moved from the fabric either by agitation. partial bag
collapse, air backtlow or reverse air jet. Collected dust
falls into a hopper from which it is hauled to disposal.
Although many fabric materials and weaves are mar-
keted, best service so far has been with woven glass
fiber media coated with graphite and fluorocarbon
polymers.

Fabric filters have an advantage over electrostatic
precipitators in that their usually high collection effi-
ciency is not affected by the chemical composition of
the fly ash, nor by particle size. Thus, at locations
where there are apt to be frequent changes or uncer-
tainties in coal supply, baghouses are favored over
precipitators. They can be used in series with those
desulfurization systems which depend on particulate-
free gases.

Retrofitting baghouses usually presents more prob-
lems than retrofitting precipitators. because baghouses
are bulky.

Capital costs range between $4.00 and $7.50 per
aclm (S0.0018 and $0.0035/m?*=s). depending on size,
particulate lToad, collection efficiency, media used, and
retrofit problems. The latter can increase system cost
up to four times the cost of the equipment. Equation
S can be used to determine annual O&M costs:

0.7457 PHK
C=8 | g Eq S
5| 6356 E 53]

Values of P can vary between S and 20 inches of water.
Values of M can vary between $0.125 and $0.410 per
acfm ($59 and $193/Mm?*-s) depending largely on
frequency of media repair and replacement.

Flue Gas Desulfurization

Unlike particulate  removal technologies, those
currently marketed for flue gas desulfurization do not
have a long history of operation. Of the numerous
processes available, five have attained a sufficient
degree of commercialization to warrant considering
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their use on Army installations: (1) lime sluiry scrubb
ing, (2) limestone slurry scrubbing. (3) magnesia slurry
scrubbing, (4) sodium solution scrubbing. and (3)
catalytic oxidation. Generally. these processes depend
on an inival particulate removal stage. Hence. plants
that have baghouses. electrostatic precipitators, or
other highly efficient particulate removal equipment
can retrofit desulfurization equipment. It is expected
that most installations will acquire total flue gas treat-
ment systems when converting to coal. It 15 note-
worthy that flue gas desulfurization systems are labor
intensive. In addition to the usual staff of a coal plant,
as many as 15 additional man-years of labor may be
required to operate and maintam a large  nstallation-
scale flue gas desulturization systeny. which is i reality
a sophisticated chemical process plant

In limestone slurry scrubbing systems. stack gases
are washed with a recirculating shurry of limestone
and reacted calcium salts in water using a two stage
scrubber system. Particulate and gasecus sulfur dioxide
are removed simultaneously. Limestone feed must be
wet-ground before it is fed to the scrubber effluent
hold tank. Calcium sulfite and sulphate salts nmust be
disposed of, and stack gases must be reheated. Figure
10 is a general process flow sheet of a typical limestone
scurry scrubbing system. Table S furnishes capital cost
and annual O&M data for the range of installation
boiler capacities considered candidate for coal use.

Lime slurry scrubbing systems use a recirculating
slurry of calcined limestone (lime) and reacted calcium
salts in water to wash stack gases in a two-stage scriib-
ber . General process flow is shown in Figuie H1. As in
limestone scrubbing. calcium sulfite and sulphate salts
must be disposed of, and stack gas must be relicated.
Table 6 furnishes capital cost and annual O&M data on
this system for the range of installation boiler capac-
ities considered candidate for coal use.

In magnesia slurry systems. particulate-free gases
are washed in a recirculating slurry of magnesia and
reacted magnesium-sulfur salts in water to remove
sulfur dioxide. Baghouses. electrostatic precipitatars o
scrubbers can be used for first stage particulate remov-
al. Makeup magnesia must be slaked and added to
cover only handling losses. because sulfates tormed in
the process are reduced during regeneration. In this
system, slurry from the scrubber can be dewatered,
dried, calcined and recycled, during which concen-
trated sulfur dioxide can be sent to a contact sulturic
acid plant to produce 98 percent acid. Figure 12 shows
a general process flow for the magnesia sl sustem
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STEAM FROM STEAM PLANT

COAL | PARTICULATE SO2
| A
———>1 BOILER SCRUBBER ABSORBER REHEATER STACK
ASH \%ONDENSATE TO STEAM PLANT
LIMESTONE
AND WATER BALL EFFLUENT SETTLING
MILLS HOLD TANK POND
Figure 10. Limestone slurry process.
I'
; Table 5
Cost Items: Limestone Slurry Process
Maintenance
Boiler Capital Operating Process Labor and
Capacity Cost Limestone  and Supervision Steam Water Electricity Material*
(MBtu/hr) (K$) (kTon/Yr) (Man-Hr/Yr) (kLb/Yr) (kGal/Yr) (kWh /Y1) (KS'¥Yn)
] 25 1.874 9.8 1,525 27.603 14.020 4409770 169
SO 3,002 $5: 2,443 44223 2240 7.065.060 270
75 3,955 20.7 3,218 58,203 29.592 9,308,030 356
100 4,810 25.2 3.914 70,852 35,986 11,319,200 433
125 5,598 29.3 4,555 82.461 44,882 13,173.900 S04
150 6,337 332 S.156 93,345 7.410 14.912.800 S70
175 7,037 36.8 5,726 103.661 52.650 16.560.800 633
200 7,706 40.3 6,270 113,514 57,654 18,135,000 694
*9% OV INSTALLED CAPITAL COST
STEAM STEAM FROM STEAM PLANT
COAL PARTICULATE s02
——————3{ BOILER -S02 REHEATER STACK
: SCRUBBER ABSORBER
ASH CONDENSATE TO STEAM PLANT
SETTLING SO(L)IDS SLURRY
L AND WATER
. POND SLAKERS e
Figure 11. Lime slurry process.
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Table 6
Cost Items: Lime Slurry Process
Maintenance
Boiler Capital Operating Process Labor and
Capacity Cost Lime and Supervision Steam Water Electricity Material*
(MBtu/hr) (K$)  (kTon/Yr) (Man-Hr/Yr) (kLb/Yr)  (kGal/Yr) (kWh/YTr) (K$/Yr)
25 1,663 4.5 1,295 27,448 13,553 4,151,190 150
. S0 2,664 T3 2,075 43,975 21,714 6.650,780 240
25 3.509 9.6 233 57.936 28,607 8,762,230 316
100 8 268 §1.7 3.324 70.454 34,789 10,655,500 384
125 4,967 13.6 3.868 81,998 40,489 12,401,400 447
150 5,623 15.4 4379 92,821 45833 14,038,300 S06
175 6,244 17.1 4.863 103,079 50,898 15,589,700 562
200 6.837 18.7 5.325 112.876 55,736 17.071.600 615
¥ O INSTALLED CAPITAL COSH
STEAM STEAM FROM STEAM PLANT
COAL PARTICULATE S02
ey BOILER SCRUBBER ABSORBER REHEATER STACK
ASH CONDENSATE TO STEAM PLANT
MAGNESIA SLURRY
FLUID MIXING AND WATER
BED DRYER TANK
FLUID BED | SO;
CALCINER
: COKE
& Figure 12. Magnesia slurry-regeneration process
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Table 7 provides capital cost and annual O&M data on
this system for the range of installation boiler capac-
ities considered candidate for coal use.

Like the magnesia system, sodium scrubbing de-
pends on particulate-free flue gas. Baghouses, electro-
static precipitators, or scrubbers can be used for first
stage particulate removal. This system scrubs the gas in
a valve tray scrubber with a recirculating solution of
sodium salts and water. Makeup sodium carbonate is
added to cover losses resulting from handling and
oxidation of sodium sulfite to sulfate. Water is evap-
orated from the scrubbing solution to crystallize and
thermally decompose sodium bisulfite, driving off
concentrated sulfur dioxide. The sodium sulfite is
recycled to the scrubber, and the sulfur dioxide is
reacted with methane for reduction to elemental
sulfur. Stack gases must be reheated. Figure 13 shows a
general process flow for the sodium scrubbing system.
Table 8 provides capital cost and annual O&M data on
this system for the range of installation boiler capac-
ities considered candidate for coal use.

LA TR Lt 7 A b sl

The catalytic oxidation system also depends on
particulate-tree gas, and established particulate removal
technology can be used. In this system, sultur dioxide
is catalytically converted to sulfur trioxide, and avail-
able excess heat is recovered. Sulfur inoxide reacts
with moisture in the stack gas to form sulfunc acid
mist, which is scrubbed in a packed tower using a recir-
culating acid stream to yield 80 percent acid. A mist
eliminator removes residual acid mist from stack gases
before they are reheated and vented to the atmosphere
Process flow for the catalvtic oxidation system is
shown in Figure 14. Table 9 provides caratal cost and
annual O&M data on this system tor the range of
installation boiler capacities considered candidate for
coal use.

Capital and annual data given for flue gas desul-
furization systems exclude byproduct disposal. which
must be estimated locally. Further information on
these systems can be obtamned from USEPA (limestone
slurry).  Chemical Construction  Corporation  (lime
slurry), Chemico-Basic Corporation (magnesia shurry),
Davy Powergas Company (sodium scrubbing). and
Monsanto Corporation (catalytic oxidation)

STEAM STEAM FROM STEAM PLANT
COAL PARTICULATE S02
BOILER > >
- SCRUBBER ADSORBER PIATEN P
ASH CONDENSATE TO STEAM PLANT
SODIUM MIXING

SULFITE sy
SOLUTION TANK

$02

Figure 13. Sodium solution - SO, reduction process
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Table 9
Cost ftems: Catalytic Oxidation Process
Maintenance
Boiler Catalyst Operating Labor Heat Process Labor and
Capacity  Capital  (Liters/Yr) and Supervision Steam Credit Water Eleciricity Material*
(MBtu/Hr) Cost (k$) (Man-Hr/Yr) (KLb/Yr) (MBtu/Yr) (kGai'Yr) (KWh Yr) (kS/Yr)
25 2,805 4517 6,332 7.704 42,592 13.508 3.902.490 252
50 4.494 7.236 10,144 12,342 68.238 21.641 6.252.330 404
75 5,921 9,534 13.365 16.261 89,902 28.512 8,237.290 533
100 7.200 11.594 16,253 19,774 109,327 34673 10,017,100 648
125 8.380 13,493 18,916 23.014 127,241 40,354 11,658,500 754
150 9,486 15,274 21,413 26,052 144,035 45.680 13.197.300 854
175 10,534 16,962 16,962 28.931 159,953 50,728 14,655,800 948
200 11,535 18.575 26.039 31.68i EES LS §5,550 16,048,800 1.038
* 9% OF INSTALLED CAPITAL COST
CITED REFERENCES UNCITED REFERENCES
‘ A Svstematic Study oy Viable Strategies for the Con- A Field Test Using Coal: DRDF Blends in Spreader-
| trol of Sulfur Oxide Emissions From Army-Size Stoker-Fired Boilers (Systems Technology Cor-
Boilers (U.S. Army Armament Readiness Com- poration, 1978).
7 mand. Appropriation 2182040-08-1704. 1978).
Air Pollution Control Design Manual, TM 5-815-1 (DA,
Army Energy Plan (Department of the Army [DA]. 1978).
1978).
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Cost Adjustment Factors AR 415-17 (DA, 1977). Generators (Comhustion Engineering, 1975).
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Support Agency. 1977).
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Honie. 1o Ml and S0 AL Hathaway. Application of Laboratory, 1974).
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Interim Report E-130/ADA0SSS60 (CERL, 1978). Combustion  Enginecring (Combustion  Engineering,
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Kevstone Coal Industry Manual (McGraw-Hill, 1976)
: Construction Criteria Manual (Department of Defense.

1972).

. T T D 0 B . A e
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