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TECHENOLOGY ASSESSMENT GUIDE
NO, 11
‘ COAL-OIL MIXTURES, ETC.
CHAPTER ONE: EXECUTIVE SUMMARY
l.1 OVERALL PROSPECTS FOR THE TECHNOLOGY

Coal/oil mixtures (COM) have been developed as a
hybrid fuel to enable the use of significant amounts of coal
in processes otherwise incapable, without major renovation,
of using coal. To form COM, finely pulverized coal (200
mesh) is blended with residual ¢il in a homogeneous slurry.
The coal compesition of the mixture usually varies between
20 and 50 percent, depending on process requirements.

When heated, this mixture shares many characteristics with
residual oil and can be pumped using similar equipment. At
high coal compositions, however, the mixture behaves less
like oil and is more difficult to handle. This can increase
costs and the potential that the fuel will be incompatible
with specific processes.

Additives or an ultrasonic homogenization process
are used to maintain the coal in suspension. Water is
also added in same process, which improves the combustion
properties of the resultant mixture. The amount of water
added varies by process from zero to twenty percent of the
COM by weight. COM can be prepared on-site or in a central
preparation facility and trucked to the user.

Because COM is a low-technology coal-based liguid
fuel, it will allow substantial near-term substitution
of coal for oil in industrial and utility installations
currently burning oil. Of these existing installatiens,
those originally designed for coal and now burning oil
will be more easily retrofit to COM use than those origi-
nally designed for oil. COM will probably be used only in
existing facilities; new facilities are likely toc be
built to burn 100 percent coal or a synthetic fuel with
handling properties superior to those of COM.
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The economic feasibility of COM use cdepend on the
capital costs of retrofitting an existing facilit for COM
and the fuel cost savings derived from coal utilization.
COM can consist of a maximum of 50 percent coal by weight.
Such a mixture would derive 40 percent of its energy from
coal. Because coal costs approximately one third as much as
oil per Btu, usage of 50 percent COM would allow a 25% fuel
cost saving. 1In many utility anéd industrial situvations,
particularly these facilities originally designed for coal
and now burning oil, COM retrofit will prove economically
optimal, ’

In facilities initially designed for coal now burning
o0il, an additional retrofit alternative will be complete
conversion to coal. In comparisor. to COM conversion, full
coal conversion will entail greater capital costs, but will
allow greater fuel cost savings.

1.2 Enagineerinc Issues

l1.2.1 Preparation

COM is prepared by blending pulverized coal (70-80
percent through 200 mesh) with residual oil and water. These
mixtures will contain a maxirum of 50 percent coal by
weight. Because coal has less energy than c¢il by weight, in
50 percent COM cnly about 40 percent of the energy is
supplied by coal. Residual oil must be used instead of
distillate because distillate is not viscous enough to hold
the coal in suspension.

COM may be prepared either at the user's site or in a
central facility. Off-site preparation requires COM to be

transported by tank truck to the user. On-site preparation
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requires sufficient fuel use to economically justify the
construction costs of the preparation facility.

1.2.2 COM Use

There are no major engineering problems which seriously
impede the use of COM. However, there are two problems
which make the use of COM somewhat more difficult and costly
than burning oil: fuel preparation and system wear.

The solid particles contained in COM present several
problems. If the fuel is allowed to sit, the coal particles
can settle or agglomerate, making subseaquent handling
difficult and causing uneven combustion. Alternatively, if
the additives in the mixture are sufficient to hold the
mixture in suspension, the fluidity of the mixture could be
reduced greatly after long periods of standing.

Erosion in pipes and pumps resulting from fuel handling
an@ the effects of this erosion can be controlled through
the selection of proper materials. Pumps designed to handle
abrasive fluids will be reguired in the COM plant. 1In
addition, the pipina configuration of the plant will have to
be evaluated and possibly redesigned to minimize bends and
low spots that cause erosion and particle sedimentation.
Burners will need larger orifices and lower atomization
pressures to handle the COM. Ash handling egquipment, such
as soot blowers and a bottom ash hopper, will be necessary
in ocil-designed boilers.

A third problem is that of boiler derating. COM
recuires a larger volume for complete combustion than
either oil or gas. Therefore, there is doubt as to whether
heat output can be maintained at design rating in boilers
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initially designed for oil and gas that are converted to
COM. At test burns conducted at Florida Power and Light
and the Pittsburgh Energy Technology Center, no derating
occurred in eguipment initially designed for oil. However,
other facilities may have problems with boiler derating.

1.2.3 Environmental Issues

COM will replace some cil with coal, Because coal,
when burned, produces more SOy, NOy, and particulates
than does cil, corbustion of COM will increase air quality
problems. SOy emissions will be predictable from the
sulifur content of the coal and ¢©il, and can be controlled
through the use of low=-sulfur coal and oil in the mixture.
Alternatively, flue gas desulfurization systems may be
installed, but these are costly.

NOy emissions will be partially predictable from the
nitroger content of the coal and o©il used. NOy can be
controlleéd by limitince the excess air in the boiler.

Because coal is much higher in non-combustible ash than
is oil, particulate emissions will increase when COM is
used. Electrostatic precipitators will be needed to control
particulates.

Wastevater treatment and sclid waste disposal which will
be associated with COM use is similar to that developed for
ccal combustion and is well understood. No serious environ-
mental problems associated with COM preparation exist,



1.2.4 Technoloay Status

COM development is proceeding under both private and
Department of Eneray sponsorship. Large-scale commercial
use of the technology is nearly a reality, and demonstrations
have been carried out on both industrial and utility boilers.

Two utilities, New England Power Service Company (20t
sponsored and Florida Power and Light (private), test COM in
utility-size boilers. The Department of Enerqy
operates a package oil-designed 700-hp boiler to demonstrate
COM firing at PETC. These facilities have all built their
own COM preparation plants. One corporation, Coaliguid,
Incorporated, of Shelbyville, Kentucky, has built a demon=~
stration COM preparation plant and has staged test burns of
its product at several. industrial facilities. Coaliauid
plans the construction of several commercial-size COM plants
in the near future.

COM technology is well developed, and COM will replace
appreciable amounts of cil in the near future.

1.2 Fconomic Issues

COM market penetration is propelled by the fact that
coal costs only one-third as much as oil on a heat-content
basis. In a COM contairning 50 percent coal by weight (the
maximum possible), coal supplies 40 percent of the energy.
repiacing large amounts of oil. As a result, COM fuel costs
will be only about 75 percent of the costs of residual oil.

The fuel cost advantage can make a switch from residual

eil to COM economical for industrial and utility users of
residual oil. The cost of out-of-service time and the
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capital cost of COM conversion must be compared to the fuel
cost savings. Facilities that are originally designed for
0il will have greater retrofit costs than those originally
designed for coal: s¢o the economics of COM conversion are
likely to be less favorable for the former. Also, the
economies of scale in COM retrofit are such that larger
facilities have lower retrofit costs per unit of energy.

COM can be prepared either on-site Or at a central
preparation facility and trucked to the user. For smaller
installations (industrial boilers), it will be more economical
to buy COM from a central distributor. A utility's fuel
needs would be large encugh so that the cost of an on-site
preparation facility would be justified. The decision as to
wvhether to build an on-site facility or to buy from a dealer
will be based on whether fuel cost savings cenerated by
mixing COM on-site are greater than increases in capital and
operating costs associated with owning a dedicated COm
preparation facility. The more fuel used, the greater will
be the incentive to construct a dedicated preparation
facility.



CHAPTER TWO: ENGINEERING SPECIFICATIONS

2.1 General Description of the Technology

Coal=~0il mixture (COM) it & 1iquid boller fuel which
can be uBed instead of residusl oil. In COM, cosl and oil
ate mixed together, Allowing subsiitution of cosl for oil
while retaining the convenience of liquid fuel.

tngineering aspects of Sodl-cil mixtutes (COM) may be
Givided into three general categories: prepatation of COm,
boiler and facility modifications needed to burn COm, an
environmental control systems agsociated with tne prepatas
tion and comdustion of COm.

2.2 Process Descriplion (Coal=0i) Kixture Preparation)

The pethods of COR prepatetion desCrided hefe are those
used by the New Lnglans Power Setvice Company (NEPSCO) whick
het cet up & COR preparation facility in Sales, Rascachutetls,
and/ot the metholt used by Cosiliquid, incorporeted, &
Shelbyville., Keniucky corporation (2.)). Cosliquid has
built & COR preparation demonstration plent In KRentucChy., anc
is plarning the consiruction of several comperciadl piants to
serve industrial customers.

Coal=0il mixtures (COMm) consist seinly of mintures of
coal and residual oil. Ten percent water is added to the
maixture in the Cosliquid, Inc., proprietary process.
Cnesical sdditives (0.9 percent) may be added to COm to
iaprove the stadbility and flowability of the ajixture.
Residual o1l must be used instead of distillates Decouse

lighter grade olil 18 nOt viscous endugh to hold the coal in
suspension.
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The ficst step in the manufacture of COM is the prepa-
tation of the ¢coal in Area 200. The coel is generally
pulverized until 70=-00 percent will pass 200 mesh in Unit
220. Coal fines from the pulveriting mill must be captured
and disposed of in Unit 250. They say De injected directly
into the bDoiler at Sedicated COm preparation facilities.

Fine pulverigzation ensures that the c¢oal will mix well.
After pulverization, the coal is dried and transferred to &
storage bin. The bdin ic typically kept under an inert
nitrogen or CO3 atmosphere to reduce the risk of fire.

in the second step, the pulverized coal is fed into »
blending tank with heated No. 6 or No. 4 fuel 5il in Unic
260. The contentt of the dDlending tank are constantly agitated
through the use ©0f & mixing blade. At this point chemical
additives may De intrdduced o the Mmix to improve stability.
Iin the Coaliguid. Inc. process, water it blended into the
aixcure.

~™ird, the Aized retuitant COal-oil-additive—water
(dia=>y cOAl=01]l mixture. Oor COM, hereafter) is pumped to a
stoTage tank ir Unit 2120. 1In the Coalicuid process, it is
firs: forced through an clitrasonic device which improves the
stability of the mixture (2).

The storage tank may contain mixer blades, or with
Coaliguid, CON, may be simply & normal Mo. ¢ oi) storage
tank. The tank must be heated in order to reduce the
viscos ity enough to pump the CON.

Otilities which have their own dedicated COM preparation
plant pomp CON directly fros the stortage tank to the boiler.
Central COM preparation plants, serving many facilities,
will ctransport the fuel from the plant to the user by tank
truck.
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A block diagram of COM preparation is shown in Figure 1.

2.3. Boiler and Feed Syster Modifications

COM is intended for use in two types of boilers:
those desianed for coal and currently burning oil and
those designed for oil and currently burning o0il. Boilers
designed to burn coal will need substantially fewer modifi-
cetions than those designed to burn ¢©il as they will already
be eouipped with ash handling eguipment. 1In both cases,
modifications to the burners and feed systenms will be needed
because COM it more viscous and abrasive than is fuel oil.

Piping from the COM storage tank to the burners must be
slightly larger than is used for No. 6 fuel oil because of
the nigk viscosity of COM. Provisiongs should be msde in the
piping for a possible flush of the pipes with oil in case
gsettling occurs. Because of the adrasive cualities of the
c2al particles, pumps and valves need to be nade of wear-
regiszant zerials such az case~hardened or carbon-tuncsten
steel. Avoidance of 90° elbow joints will also reduce
localized wear. ' '

Wizthin the boilers, the burners must be changed.
Burners desianed to burn oil have narrower orifices than
are needed for COM combustion. 1In addition, s00t blowers
and an ash handlina syster will be needed t¢ handle the
increased ash deposition associated with burning coal
instend of oil. In plants designed to burn coal, soot
blowers will already be present, as will a bottom ash
handling system. In boilers originally designed to burn
oil, soot blowers and a bottom-ash-handling system (if
nOt present) must be added sudstantially increasing the
difficulty and cost of conversion.
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Figure 1. Fiow Diagrarn of Coal-0il Mixture Preparation.




2.4 Physical Characteristics of COM

The physical characteristics of coal-oil mixtures
depend on the percentage of coal in the mixture and the
properties of the coal used in the mixture. The sulfur,
nitrocen, ash and oxygen content of the COM will increase
with the coal content in the mixture, That is because
residual oil is lower in all the above minerals than is
coal. Because residval oil is less dense and contains more
energy per unit weight than does coal, the heating value of
COM decreases with coal content while its specific gravity
increases with coal content. Table 1 details the physical
characteristics of different batches of coal-oil mixture
made with Pittsburgh seam coal. The analysis of this
Pittsburgh seam coal is shown in Table 2.

Another important characteristic of COM is its viscosity.
A highly viscous COM will be difficult to pump and to
atomize. Viscosity of COM varies with the proportion of
coal in the COM as is shown in Figure 2.

2.5 Preparation Plant Sitinag

COM is a retrofit fuel: it will be used in plants
currently burning oil but will not be used for new plants.
New plants will choose coal over COM. Therefore, COM will
be prepared in two types of facilities: central prepara-
tion facilities, which will provide fuel to industrial
users who do not use enough fuel to recuire their own
preparation facility, and dedicated preparation facili-
ties, built to supply large retrofitted central power
plants. This conficuration rules ocut minemouth plants in
the unpopulated Western regions; There are no boilers to
recrofit in those regions, and a COM preparation plant
will need to be located near the user if high transport
costs are to be avoided.
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Washed Coal Uawashed Coal
Proximate Analysis
Moisture 1.2 1.9
Volatile Matter 37.5 32.5
Fixed Carbon 52.1 50.4
Ash 9.2 14.8*
Ultimate Analysis
'Hydrogea 5.0 4.9
Carbon 73.9 69.3
Nitrogen 1.5 1.5
Sul fur 1.8 1.8
Oxygen 8.6 7.7
Ash 9.2 14.8*
Heating Value (Btu/lb) 13417 12338
Ash
Initial Deformation (°F) 2020 2140
Softening Temp (°F) 2110 2250
Fluid Temp (°F) 2240 2460

*Ash coptent in unwashed coal varied in the range of 11 to 14.8%

TABLE 2. TYPICAL COAL ANALYSES
SOURCE: (1)
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Figure 2. Viscosity of Coal/Oil Mixture; Source (4)
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A likely site for a central COM preparation plant will
be in an area with one or more large industrial users of
residual fuel cil. Large industrial users of residual fuel
©il are concentrated in the Eastern and mid-Western states
(S). These states are also close to supplies of higher
rank coals which have the Btu content necessary to yield a
COM which will not cause boiler derating (see Section 2.6 for
effect of coal type).

Dedicated preparation plants for utilities may be built
where there is room for the coal storage area and the COM
plant. For plants located in urban areas, such space will
probably not be available.

Because COM preparation plants produce no effluents and
do not use large amounts of water, siting them shcould not
cause problems within communities. The primary factor
affecting a decision to site a COM preparation plant will be
economics. The economics of siting will be addressed in
Section 2.10, Regional Factors.

2.6 Raw Material and Supoort System Reguirements

2.6.1 Raw Materials

The raw materials for COM consist of coal and residual
0il, and sometimes water and chemical additives. No chemical
catalysts are needed to produce the mixture. Preparation of
COM will not place strains on water Supply systems nor
increase the demand for scarce catalysts. '
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2,6,2 Support Systems

Preparation plants recuire a rail siding or barge
landing for coal delivery, coal unloading facilities, and
coal storage areas. If COM is prepared at a dedicated
facility adjacent to a facility originally designed for
coal, new retrofit support System construction reguirements
will be less extensive than for a dedicated facility next to
a plant designed for ecil.

2.6.3 Effect of Coal Tvoe

Coal type is important to COM in two ways: first, it
determines the heating value of the COM fuel produced, and
second, it affects the pollution which may be caused by
burning COM. Research indicates that a third factor, the
poor mixture properties of certain coals, can be effectively
handled bv the addition of chemicals to the COM (6).

The higher the ash, sulfur, and nitrogen content of
the coal, the higher will be the particulate, sulfur oxide,
and nitrocen oxide content of the flue gas. 1In areas with
sulfur oxide problems, it will probably be necessary to use
low sulfur coals in the COM. Use of low suffur coals will
make expensive flue gas desulfurization systems unnecessary.

The heating value (in Btu/lb) of the ccal will also be
an important criterion by which coal is chosen. Use of
low-rank coals with low Btu content will result in the
production of a COM with a2 heating value well below that of
residual fuel o0il. Boiler derating could occur as furnace
pressure will not be maintainable at optimal levels.
Therefore, higher rank coals will be chosen for COM produc-
tion in order to simulate the heating characteristics of
fuel oil.
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This discussion suggests that the ideal coal for use in
COM is a coal with low sulfur content and high heating
value.

2.7 Pellution Control Technoloay

This section divides pollution control for coal-oil
mixtures in three parts: air, water, and solid waste,

2.7.1 Air Pollution Control

Because the production of COM does not involve any
combustion, production of COM will create minimal air
pollution. The only air pellutant from production of COM
will be coal dust from the grinding of the cecal. Dust may
be controlled through the use of baghouses and cyclones on
the pulverized coal transport system.

The combustion of COM will increase air pollution. The
coal in COM will displace oil in combustion., Coal is a
dirtier fuel than oil, as it contains more sulfur, nitrogen,
and ash than oil. When COM is burned instead of oil, more
sulfur oxides, nitrogen oxides, and particulates will be
released if emissions are uncontrolled.

Particulates can be controlled with electrostatic
precipitators and sulfur oxides can be controlled through
the use of low=-sulfur coal or flue gas desulfurization
(FGD). Nitrogen oxides will be more difficult to con-
treol.

Because control technology is similar to that for
coal-fired plants and is therefore well developed,
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economic questions about air pollution control are more
important than technical ones, Industrial users will
have to install particulate contrel. Utility plants may
have to install large and expensive FGD systems to con-
trol sulfur in addition to particulate control systems,
Aalthough discussions with the EPA sugoest that most COM
conversions will not have to install FGD systems (7).

Under the reculations governing staticnary boilers,
modifications to large boilers fall under the New Source
Performance Standards (NSPS). The NSPS would recuire
installation of sulfur control systems. However, if the
boiler was built before 1971, and was originally designed
to burn coal, a switch from oil to COM would not be consid-
ered a modification. Boilers designed to burn coal and
burning oil would then not be forced to comply with the NEPE
if a conversion to COM was made.

Utility boilers built to burn oil and retrofitted to
burn COM are a more complex case. The modifications needed
£o burn COM in these boilers could peossibly be construed as
a modification which places the boilers under the NSPS.
According to an EPA spokesman (7), these plants would be
judged on a case-by-case basis and wouléd probably not have
to install flue gas desulfurization systems.

2.7.2 So0lid Waste

No solid waste will be generated durinag COM preduction.
Bottom ash and fly ash are both generated by the combustion
of COM. Bottom ash is collected through the ash hoppers of
the boiler and fly ash is collected from the electrostatic
precipitators or other particulate control systems. BRoth
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types of ash are generally transported away from the boiler
by a slurry system. Ash can be dried by using a vacuum
drier or by discharging the siurry into a settling pond.
Dried ash can be sold or disposed of in a secure landfill

(8). 1In general, bottom ash is more salable than fly
ash.

The FGD sludge is created from dewatered FGD wastewater,
Dried sludge is hazardous and should be t_ansported to a
secure landfill. FGD sludge disposal will be a substantia11§
costly aspect of COM use,” where FGD systems are reguired.

2.7.3 Wastewater Treatment

This section focuses on wastewater treatment for
electric power plants which burn COM. Treatment needs in
CoM-fired power plants will be similar to those for coal-
fired plants. Wastewater streams will be created during
cooling, steam ceneration, ash handlino, flue cas desulfur-
ization and intermittent plant cleaning. Because theyv
operate on a smaller scale than power plants, industrial COM
users will generate less wastewater. For example, ash
sluice water and FGD wastewater might not be created at an
industrial user, since systems generating these effluents
may not be reguired. Therefore, this discussion of power
plant wastewater treatment encompasses some treatment needs
that an industrial user will not have.

Contaminated effluents are usvally handled by combining
compatible streams for subseguent central treatment. Oily
wastes from equipment cleaning are taken in one aroup,
organic +astes in another, and flood drains in a third (see
Fiaurs 1). After individual pretreatment, the streams
converge on a central clarifier. Table 3 lists treatment
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WASTEWATER TREATMENT TECENOLOGY FOR COM-FIRED PLANTS
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Table 3 {(Continued)

Mastewater Treatment Technoiogy for COM=Fired Plants
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meshods availadle, potential effluent reductions achievable,
and use in existing plants. Pollutants which are incompatible
with the central treatment system recuire individual consid-
eration to assure total water management. The following
streams fall into these categories:

© once=through cooling or cooline tower blouéouns
© sanitary wastes

o roof and vard drains

© coalscreen backwash

¢ noncirculatine ash or FGD system wastes

© recirculating bottom ash syster

2.8 Process Perforazance Factors

There are few uncertainties regardina the handling and
preparation of COM and s0 the primary process performance
uncertainties affecting COM use is of the effective performance
of a boiler burning COM. An evaluation of the process
performance of COM must be made according to the operation
of boilers desianed to burn 0il but retrofitted to burn COM
and of boilers designed for coal and switched fros oil to
COM. Boilers designed to burn coal which are retrofitted to
COM will aenerally have fewer problems than those designed

to burn 0il. Roiler performance may be evaluated according
to the followinc six eriteria:

1. combustion and heat-transfer characteristics
2. carbon conversion efficiency

3. boliler efficiency

4. ash deposition

S. erosion and corrosion

6. reliadility. availabilizy, and dependabllity
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Combustion and heat-transfer characteristics, carbon
ccnversion efficiency and boiler efficiency are operational
boiler characteristics. 2ash deposition and erosion and
corrosion are potential inhibitors of boiler performance.
Reliability, dependability and availability measure the
amount of time the boiler may be usefully employed.

Combustion and heat-transfer characteristics can be
indirectly monitored throuah measurement of the flue cas
temperature. Tests at the DOE's Pittsburgh Energy Technology
Center indicate that combustion and heat-transfer character-
istics of COM are much like that of No. 6 fuel oil (1). 1Inm
these tests, different batches of coal and No. 6 fuel 2il
were burned in a 700-horsepower water-tube boiler oricinally
designed to burn No. 6 o0il. The flue gas temperatures for
the various burns of coal-oil mixture were close to those
recorded with burns of No. 6 fuel oil.

Carbon conversion efficiency measures the completeness
of combustion in the boiler, and boiler efficiency measures
the effectiveness of useful energy transfer in the boiler.
The carbon conversion and boiler efficiencies indicate the
compatibility between the coal-cil mixture and boiler
operation. For the tests at the PETC, boiler efficiency was
only slightly lower for coal-oil mixture than for No. €
fuel ©il when unwashed coal was used. When washed coal was
used in a S50 percent mixture, boiler efficiency for the COM
and the fuel oil was ecuivalent. Carbon conversion efficiency
was slighily lower for COM than for the No. 6 fuel oil (99
percent vs. 100 percent) because some of the coal particles
became entrained in the flue gas instead of burning.

Coal ash deposition can cause tube fouling and reduce
the efficiency of combustion and heat transfer. Because

2-18
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existing oil=fired boilers are often not eguipped to handle
heavy ash accumulation, ash accumulation may present a
problem in retrofits to COM. After 370 hours of burning 50
percent COM, researchers at the PFTC found 4,830 pounds of
ash in the boiler described above. Despite the ash accumula-
tion, no boiler derating (drop in heat output) occurred.
Problems with ash accumulation may be solved through the
installation of soot blowers and a bottom ash handling

system in the boiler,

Use of coal-oil mixture may increase erosion and
corrosion of pumps, burner nozzles, and fuel feed lines.
The coal particles within the COM may abrade various parts,
thus increasing wear and tear, maintenance and out-of-service
time. During a 500-hour test burn of 50 percent COM at the
PETC, several test sections in the fuel transport system
were selected for corrosion studies for the long-duration
testing. Relevant dimensions of pump and nozzle components
were measured before and after the test. Results show
significant wear for tool and stainless steel parts. The
rate of wear seems to decrease with an increase in operating
hours. No significant wear was found for hardened, tungsten-
carbide and carbon steel parts. Therefore, fuel line wear
can be alleviated through the selection of proper materials.

The process performance measures most important to
potential users of COM are reliability, dependability, and
availability that is, how often a COM-fired boiler will be
out of service, and whether the costs of increased out-of-
service time will outweigh the fuel savings associated with
a switch from oil to COM. The results of a 500-hour test at
the PETC show that dependable boiler operation can be
achieved while burning COM (1). This agrees with tests
made at an B0-MW boiler of the New Enaland Power Service
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Company and a 400-MW boiler of the Florida Power and Light
Company, where few problems with boiler operation were
encountered while using COM (2,3). Tests on a lime kiln of
the St. Reais Paper Company in Jacksonville, Florida, also
indicated dependable performance can be achieved while
burning a coal-oil mixture (9).

In general, data on coal-oil mixture's process per-
formance suggest that COM is a viable alternative to fuel
©il in a oractical setting. Boiler efficiency, carbon
conversion efficiency and combustion characteristics of COM
are comparable to those of fuel cil. Ash deposition and
fuel line wear can be corrected through the use of soot
blowers anéd wear-resistant steels. Testing has demonstrated
that boilers burnino COM are dependable.

2.9 Technoloev Status

cOM development is proceeding under both private and
Department of Energy sponsorship. Commerical use of the
technology is nearly a reality, and demonstrations have been
carried out on both industrial size and utility size boilers.
This section describes Department of Energy Research and
Development efforts as well as private attempts to
commercialize the technology.

2.9.1 Department of Eneray Efforts

The objectives of DOE efforts are to modify or retrofit,
operate, and test existing boilers, heaters and furnaces tc
demonstrate combustion technology and practicability of
burnine coal-cil mixtures (10). DOE will investigate
conmbustion of COM in existing oil-fired combustors to
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determine the extent to which this retrofit technology can
be implemented practically. The goal is to encourage
substitution of coal for an appreciable fraction of oil in
appropriate industrial and utility combustors within the
near term.

Two contractors were selected to apply COM technology
becinning in 1977. The New England Power Service Company
has retrofitted an B0O-MW boiler in Salem, Massachusetts, to
burn COM. The boiler had been initially designed for coal
and later converted to oil. A COM preparation facility was
also built at the Salem site. Testing of COM has taken
place at the plant. Thus far, problems with particulate
control have limited coal concentrations to 20 percent in
the COM. The other selected contractor, Interlake
Incorporated, has retrofitted a blast furnace to burn COM.

A 700-hp combustion test facility using coal-oil
mixture for combustion has also been completed at PETC.
Preliminary COM information has been and is presently being
obtained from this unit. The objectives of the PRTC projects
are to develop in-house technical capability in COM combustion

technology and to supply direct technical suppert o the
total COM combustion program.

2.9.2 Private Efforts

This section describes the status of two private COM
projects, those of CoaLiquid, Inec., and Florida Power and
Light.
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2.9.2.1 Coaliouid, Incorporated

Coaliguid, Inc., of Shelbyville, Kentucky, is the
leadina private firm in the area of preparation of COM.
Coaliquid has a 2500-gph demonstration plant in Shelbyville,
Kentucky, which is expandable to 5,000 gph. The firm has
successfully demonstrated that its product, an gltrascnically
blended mixture of S0 percent coal, 40 percent No. 6 o0il and
10 percent water, is stable in storage and can be transported
{11). The fuel has been successfully burned at St. Regis
Paper in Jacksonville, Florida, and McDonnell-Douglas in St.
Louis.

Coalicuid has plans for five new plants (12). These
will be built by licensees. The first of these plants will
be built by Banklick, Inc. in Jacksonville, Florida, during
19£21. It will initially produce 6,000 bbl/day of COM, but
will be expandable to 18,000 bbl. This plant has received a
cooperative agreement from the DOE and has applied for a
loan guarantee. Scotia Coal in Nova Scotia, Canada, as of
October 1980, had a Coaligquid-type plant B0 percent complete.
Other faciities are planned for Pittsburch and the New
Encland area.

2.9.2.2 Florida Power and Liaht

Florida Power and Light has retrofitted a 400-MW boiler
designed to burn oil to burn COM in Sanford, Florida. They
have also built a COM preparation plant on their site.
Tests with up to a 50 percent coal in COM in April, 1980
were satisfactory, and 10,000 barrels of COM were burned
successfully (13). Another phase of testina began in
November, 1980.
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2.10 Regional Factors

The most important regional factor will be the location
of oil- and gas-fired boilers which are convertible to COM.
Two types of such boilers exist: large utility boilers which
provide steam for electric power generation and industrial
boilers which produce steam for process use and space heating.
This section will examine regional factors influencine utility
use and industrial use of COM.

2.10.1 Utility Regional Factors

In the 1960's and early 1570's, a large number of
coal-designed utility boilers were converted to burning oil.
These boilers are prime candidates for conversion to COM.
Table 4 shows that these boilers are concentrated in the New
England and ‘Mid-Atlantic¢ states.

Dtility boilers designed to burn oil and currently
burning oil are heavily distributed along the eastern
coastal states and in California. This is shown in Table 5.
These cil-fired boilers are also targets for conversion to
COM, although conversion will be more difficult than for
boilers designed to burn coal.

The evidence presented in Tables 4 and 5 point to the
eastern states as the primary region wvhere COM conversion in
utility boilers can be expected. The eastern states are
also close to the higher rank coals needed to maintain the
heating value of COM.
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2.10.2 1Industrial Reoional Factors

The McKee company made a preliminary assessment of the
industrial market for COM in 1978. The McKee analysis was
based on a survey sent to industrial fuel users and an
cconomic analysis of boiler retrofit costs. The survey
asked various gquestions concerning industrial awareness of
and attitude toward COM technology.

The results of the survey indicated that COM use would
need to have at least a 30 percent higher return on investment
than is normally expected before industry would consider a
switeh from oil or gas to COM (5). 1In addition, fuel users
in the East were more favorable toward COM use than were
those in the West. Using an analysis of the economic¢s of
COM conversion and the survey results, McKee reached the
following conclusions:

® The available market for a COM conversion is one
which meets or exceeds its target rate of return
{15 percent).

® Of the available market defined above, 17 percent
will convert to COM.

The regional results of the analysis are shown in
Table 6. These are boilers currently burning oil or gas.
As Table 6 demonstrates, the industrial market for COM is
concentrated in the East and North Central regions.
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REGION®  STATE # STATIONS # UNTTS TOIAL

MW
1 c 5 13 1,825
b 14 - - -
MA 8 17 3,700
NB 1 3 150
h:2 4 1 1l &3
TOTAL 5 34 5,738
11 .8 9 21 3,029
NY 16 48 8,097
TOTAL 25 69 11,126
I1I oE p 4 392
e 1l 4 200
MD 5 2 1,233
PA 9 16 1,946
VA 4 14 1,950
TOTAL 20 50 5,721
Iv FL 1l 4 6elE
GA 3 10 491
M 1 1 781
sC 1 2 100
TUTAL - 17 1,990
v ps 9 3 11 1,235
™ - _ - -
oI ? 19 1,952
» 1 1 81
| & 1 638
Wi 1 2 120
TOTAL 16 44 4,027
i AR 2 4 1,042
1A 1 1l 446
N - - -
v 4 - - -
TOTAL k| 5 1,488
Table 4

STMMARY OF UTILITY BOILERS DESIGNED FOR COAL-FIRING

CURRENTLY BURNING OIL (G50 M)
SOURCE: (14)
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TOTAL

RECION STATE ¢ STATIONS # UNITS v
Vil " RONE
VIII <o i l 75
SD - - -
TOTAL h 1l 75
E - - -
CA - - -
TOTAL - - -
r T.S. TOTAL B6 220 30,165
* Sranda=d Federal Region
Table 4 (Coucluded)
SOTRCE: {(1&4)
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REGION"

TOTAL

STATE # STIATIONS § UNITS i
1 c 3 3 1,243
ME 1l 2 424
HA 4 4 2,060
NR 1- 1l 414
Bl 0 0 ¢
TOTAL 9 10 4,168
Il .4 3 5 1,165
NY 6 12 6,560
TOTAL 9 17 7725
Il IE 2 2 58
)+ o4 1 3 633
) 3 3 1,136
PA 2 [ 2.8
VA 1 2 1,727
TOTAL S 14 6 658
Iv FL 26 54 12 656
GA l 1l 1€}
s 1 1 548
sC l 1 833
TOTAL 29 57 14,000
v pa it 2 6 2,849
IN 1 2 el8
M 2 3 1,345

MR - - -

G - - L

"1 - - L
TOTAL 5 1 & b2
v AR 2 4 B0
1A l b 592
. | 1l 3 268
™ 3 3 1,246
TOTAL 7 ki 2,9%

Table S

SOMMVARY OF UTILITY BOTLERS DESIGNED FOR OIL~FIRING
CCRRENTLY SURNING OIL (250 M)

SOURCE:

(14)



TOTAL

REGION STATE # STATIONS § UNITS o
Vil NONE

VIII co - - -

sC 1 1 75

TOTAL b 1 75

X AZ 8 15 1,616

ca 30 109 21,601

TOTAL 38 124 23,217

U.S. TOTAL 107 245 63,279

* Standard Tederal Regioo

Table 5
{Concludad)

SOURCE: (14)
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2.11 Occupational Safety

The main occupational safety issuve associated with COM
production or use if that care be taken when handling the
coal. Dust from milling should be trapped by baghouses.
Pulverized coal should be stored in an inert atmosphere %0

avold the danger of fire.

TABLE 6

AVAILABLE INDUSTRIAL "ARKET FOR COM

REGION OF UNITED STATES

{MMBtu/hr)
BOILER SIZE NORTH TEXAS~ NORTH- SQUTH-
(106 Btu/hr) EAST CENTRAL ) LA WEST WEST
0-100 0 1] 0 (o] 1]
101-250 101,108 67,799 0 0 0
251-1,000 0 89,699 18,257 1] 24,497
}1,001-10,000 0 333,660 60,338 0 62,156
10,000+ 352,683 739,172 0 0 246,987
TOTAL 453,891 739,172 78,595 0 333,620

Source: Reference 5.
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CHAPTER THREE: ECONOMIC ANALYSIS

In this section, the economics of COM are analyzed.
The economic analysis is divided inte three subsections:
methodology, capital costs, and model plant economics.

3.1 Methedology

The economic analysis was carried out through a litera-
ture search and discussions with firms invelved with COM
precduction and/or use. Rather few cost estimates for COM
corversion exist in the literature (5, 14, 15, 16).

An analysis made by the MITRE Zerporation (14) was
chosen as the bes:t available assessment of COM preparatien
and retrofit costs. The fuel costs used in the MITRE study
are up to date (December 1980). Capital costs agreed fairly
closely to costs experienced by the three commercial CONM
preparation and/or combustion firms spoken to. These firms
were willing only to discuss costs for entire facilities and
did no: provide publishable results. Discussions with these
conpanies indicate that the MITRE study provided results
which were in agreement with actual experience. An earlier
{1978) DOE study (15) included more detailed cost estimates,
but based on industry experience, theSe estinmates seemed too
low.

The MITRE study (14) also included a detailed analysis
of the economics of a model COM preparation plant. Rather
than repeating MITRE's work, the MITRE analysis was used to
provide the basis of Section 3.3, Model Plant Economics.



DRAFT

3.2 Cost Details

The capital costs for a COM conversion of an oil-fired
" boiler (14) are shown in Table 7. As was noted in the
Methodology Section these costs were not broken out by
equipment item, but totals agree with those actually
experienced by industry.

Table 7 shows that pollution control expenditures for

COM conversion exceed boiler modification costs for cases
above 100 MW even without flue gas desulfurization. With
flue gas desulfurization, pollution control expenditures
would exceed boiler modifications by a factor of three to
one. Flue gas desulfurization would be necessary if high
sulfur oil and coal were used. Pollution control is dis-
cussed in detail in Section 2.7.

Table 8 presents conversion costs in deollars per
megawatt of boiler capacity to demonstrate economics of

scale. The formula:

n

ulx
(Wi PN

2
¢

where

® X5 is the capacity of the larger unit
e X; is the capacity of the smaller unit
@ C» is the cost of the larger unit
e Cj is the cost of the smaller unit

® n is the capital cost scaling factor

3=-2
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TABLE 8

CAPITAL COSTS IN DOLLARS PER MEGAWATT OF
CAPACITY FOR COM CONVERSION

{1980 §)
BOILER CA%ACITY

100 Mw 200 MW 400 MW
EQUIPMENT ITEM {TBOUSAND §) {THOUSAND §S) (THOUSAND §)
Boiler (including 53 43 as
burners, bottom ash,
hopper, soot blowers)
Electrostatic 46.5 43 40.5
Precipitator (ESP)
Flue Gas Desulfuriza- 136 112 92
tion (FGD)
COM Preparation Plant 8l 61 46.5

Totals

Retrofit: No FGD, 99.5 B6 75.5
no preparation plant
Retrofit: Preparation 180.5 147 122
plant, no FGD
Retrofit: FGD, prepar- 316.5 255.0 214.0

ation plant

Source: Reference l&.
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shows that the capital cost scaling factor used by MITRF for
boiler modifications was 0.7,

The 0.7 scaling factor indicates that substantial
economies of scale are present in COM conversion costs. A
scaling factor of 0.7 was used for the flue gas desulfuriza-
tion system and a factor of 0.9 was used for the electro-
static precipitator system.

Economies of scale were also estimated for capital
costs of a CONM preparation facility. These estimates were
designed to cover a COM plant either at the boiler site or
located off-site. These costs are shown in Table B. As
with the boiler modifications, substantial economies of
scale were exhibited. The capital cost scalinc factor was
0.6.

Incremental operating and maintenance expenses associ~-
ated with COM conversion are shown in Table 9. Operating
and maintenance costs increase after COM conversion because
the high viscosity and ash content of COM make it more
éifficult to use than fuel oil.



TABLE ¢

INCREASE IN OPERATING AND MAINTENANCE
EXPENSES BECUASE OF COM CONVEREION

{1980 §)
BOILER CAPACITY
100 Mw 200 Mw 400 MW
FIXED COSTS {MILLiON $)} (MILLION §) {(MILLION §)
Boiler 2 3 4
Electrostatice 1.2 2.36 4.64
Precipitator
Flue Gas Desulfurization 15.5 27 47
COM Preparation Plant 10 14 22
Totals
Retrofit: No PGD, 3.2 5.36 8.64
ne preparation plant
Resrofit: Wo FGD, with 13.2 19.36 30.64
Preparation plant
Retrofit: With FGD, 28.2 46.36 77.64
with preparation plant
Variable Costs
PGD ($/106 Btu) 0.294 0.257 0.233

Source: Reference 1l4.



o ey

3.3 Model Plant Economics

3.3.1 Introduction

Evaluation of a typical COM retrofit must examine the
following factors:

e Capital cost of the retrofit.

e Remaining boiler life.

e Incressed O&M costs due to COM us;.

e Out~of-service cost while boiler is beino retrofitted.

e Fuel savings due to COM use.

e C(OM preparation on-site or purchase from a central
preparation facility.

e Econorics of full coal conversion.

Retrofit capital costs will depend on the original
configuration of the boiler. A boiler desioned originally
for oil will need ash hoppers, soot blowers, and an electro-
static precipitator (ESP) to control particulates. Coal-
designed boilers currently burning 0il will not need these
modifications. Both beoiler types will need new fuel lines,
purmps ang burners to accommodate the viscous, abrasive COM,

Retrofit capital costs were presented in Tables 7
and 8. Retrofit capital costs will need to be balanced
acainst the remaining life of the boiler. Boilers generally
have a service life of 40 years (l4). The closer the boiler
is to the end of its service life, the less profitable will
be a COM conversion. Older boilers will have shorter useful
lives and will have smaller load factors than newer boilers.
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As a result, the older boilers will burn less COM over their
remaining service lives and yield smaller fuel cost savings
than will retrofitted new boilers.

COM conversicn will mlso increase operating and main-
tenance expenses. COM is more viscous and abrasive than is
©il. As a result, it will increase wear on squipment and
reguire greater care during its use. An estimate of increased
operating and maintenance expenses was shown in Table 9.

Fuel cost savings because of COM use will alsc need to
be closely examined. Depending on the price of available
coal and on air guality constraints, these may be large or
relatively small. Coal transportation costs will alsco be
izportant. In general, however, fuel costs savings will be
about 25 percent, because coal is only about one-third the
cost of residual oil and coal in COM will replace about 40
percent of the energy supplied by oil.

COM conversion will reguire some out~cf-service time
for the retrofitted boiler. Therefore, the cost of replace-
ment steam must be considered in any financial analysis. 1In
some cases, it will be possible to take the boiler out of
service because no backup will be available. Beiler out-of-
service time for COM preparation is estimated at 2 to 7
xonths (14)., The out of service time will be considerably
lower for ecuipment initially designed for ccal.

COM can be prepared at the user's site or at a central
preparation facility and delivered to the user. The less
fuel used, the less economical it would be for a user to
prepare COM on-site. This is because the capital cost
scaling factor of 0.6 for a COM preparation plant causes
unit capital costs for a preparation facility to increase



rapidly as the size of the facility falls. For example, a
10,000-barrel-per-day plant would have only 75 percent the
per-barrel capital costs of a 5,000-barrel-per-day plant.

An important consideration will be the choice between
conversion to COM and full conversion to coal burning. Full
coal conversion would reguire the installation of coal
handling equipment, and more (2 to 4 months) boiler downtime
{14). Conversely, full coal conversion would allow 100
percent of coal substitution for oil, rather than the 40
percent which is achieved with COM.l Newer boilers would
find full coal conversion more favorable than COM conversion,
because these boilers would have 2 long service life over
which to amortize the capital costs of coal conversion.

The MITRE study describec above assessed the economics
of COM conversion. Two cases were evaluated. The first
was a COM retrofit where the user purchased fuel from a
central supplier. In the second case, COM was prepared on
site.

The MITRE analysis did not include the stean costs due
to boiler downtime. It also did not assess the relative
advantages of COM conversion versus full coal conversion for
the boiler evaluated. It assumed the boiler haéd 14 years
remaining useful life (17). Other key assumptions are found
in Table 10. The boiler capacity factor was assumed to be
60 percent with a 50/50 debt eaquity ratio. <Cost of debt wvas
11 percent and cost of eacuity was 18 percent.

lalthough COM is 50 percent coal by weight, it is only
40 percent coal by energy, because coal has less energy per
unit weight than oil.



Additiva Cost

Boiler Capacity Factor
Heat Rate

Capital Structure
Depreciacion Methed
Iaflation Rate

Coal ZTscalation

011 Zacalation
Corporate Income Tax
Zmergy Content of 011
Energy Content of Coal
Addizive Content of COM
Waser Content of O
Coal Cootent of CIM
01l Content of COM
Propezty Tax

Jebt Rate

Eguu:y Rate

Rase Tear

Fizst Teaar of Operaticom

Source: (17)

Table 10
PARAMETERS FOR FTINANCIAL ANALYSIS
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5.08/106 3cy of Co
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19,000 Btu/Rwh
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Sum of Tears Digits

74
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122

S0%

6.1 x 205 Bru/vbl

24 x 106 Bru/tem

.5Z by weight, 0% by energy
4.5% by weight, 0T by energy

S0% by weight, 41.7% by energy

45% by weight, 58.3% by enetgy
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3.3.2 Centralized COM Preparation Facility

The first case analyzed (assumptions in Table 10,
capital costs in Table 7) was that of a large, centralized
COM preparation facility, which would deliver COM to local
beilers using barge, tank car, or truck transportation.
Converting the boiler to COM from oil increases costs due to
capital expenditures for burners, sootblowers, ash removal
equipment, and pollution control eguipment (see Table 7).

Operating and m=:-* nce expenses would also increase due
prima: P 4 viscosity and higher ash content of
the CC these increased costs would be offset
by the osts of COM. As long as the fuel cost
saving ¢ are greater than the increased costs
result. soiler conversion, Q&M and the delivery of
coM, cc s0on to COM will be a profitable investment.

In this case, it was assumed that a clean COM, made
from coz2l with less than 1.5 percent sulfur and oil with
less than 1 percent sulfur, would be used. As a result, no
7GD system was needed. Coal cost was assumed to be 1.60/106
Btu ($38.40/ ton) and oil was assumed to be $4.14/106 Btu
($25.25/barrel ).

Usinc these assumptionrs, Figure 4 shows that the costs
of converting a boiler larger than 100 MW to burn a clean
COM are less than §.20/10% Btu. Figure 5 shows that the
fuel savings due to COM for large centralized preparation
facilities are areater than $.50/106 Btu. This implies
that, depending on the size of the boiler and the size of
the preparation facility supplying that boiler, $.30/106
Btu or more can be spent for delivering the COM from the
preparation facility to the boiler.
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Figure <. Boiler Conversion Costs: Source: (14).
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As a worse case, it was assumed that cone wishes to
build a centralized preparation facility that is capable
of supplying COM to 500 MW of boiler capacity at a
60 percent capacity factor. Since transportation of COM
by truck, the most expensive form of transportation, is
estimated to cost approximately $.30/106 Btu for 100 miles,
this plant would be able to economically supply COM by truck
to 100-MW boilers located within 100 miles radius. As the
size of the preparation plant and the boiler increases, the
economical delivery radius increases due to economies of
scale. For example, a 2,000-MW COM preparation plant could
supply COM by truck for up tc five 400=-MW boilers within a
160-mile radius. Less expensive modes of transportation
would also increase the radius of economic deliverability.
Transportation by rail would approximately double the radius
of econonic deliverability. Barge transportation of COM
would increase the radius of economic deliverability by a
factor of S.

3.3.3 Dedicated Preparation Facility

The second case analyzed by MITRE was of a facility
which constructs its own COM preparation facility. Figure
€ shows that fuel savines due to COM conversion are not
limited to centralized preparation facilities., It is alse
economical to build dedicated preparation plants to serve
large utilicy plants. The low-sulfur case assumes o©il is
$4.14/105 Btu and coal is $1.60/106 Btu. The high
sulfur case assumes oil is $3.54/106 Btu and coal is
$1.20/106 Btu. The cost of a low-sulfur COM or a high-
sulfur COM with flue gas desulfurization (FGD) are both
below the cost of ©il and are profitable. The financial
assunptions for this case are shown in Table 10 and are the
same as those for the central preparation facility. Capital
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and operating and maintenance costs were presented in
Tables 7 and 5.

3.3.4 Conclusion

The MITRE model analyzed two cases: a 100-MW and
larger boilers with a dedicated preparaticn facility and
100~M+x and larger boilers which buy fuel from a central
preparation facility. The MITRE analysis found that, based
on the assumptions detailed above, COM conversion would be
profitable. It lacked a comparison of COM conversion to
total coal conversion. In addition, it did not include
costs because of boiler downtime during retrofit. 1In
general, however, the analysis seemed acceptable and because
of rescurce constraints, was superior to that which could
have been generated during this study.
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