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ABSTRACT

The Resource Conservation and Recovery Act and the Safe Drinking Water
Act are forcing those in charge of landfills to adhere to more stringent
operating standards. This, along with the growing scarcity of landfill availa-
bility, makes the use of landfills less desirable for solid waste disposal.

As such, new disposal methods that are envirommentally safe and economi-
cally practical must be found. One alternative, that is not really new but
which has gained renewed interest, is incineration.

The Resource Conservation and Recovery Act also requires that govermment
agencies should direct their installations to recover as many resources as
possible. Thereforz if incineration is to be implemented, heat recovery should
be incorporated into the system. There are several processes available to
convert raw refuse into ¢ fuel for use in a heat recove-y system. Refuse
derived fuels {RDF) can be in the form of raw reiuse, densified ceiuse, pow-
dered refuse, gas, or pyrolytic oil. The only form of RDF that is economically
feasible for systems desinged to process less than 200 TPD (tons per day) is
raw refuse. Present technology has mot advanced enough to make the other
processes practical for small systems.

* .Most Navy bases generate far less than 200 TPD of solid waste and there-
fore the Navy has focused most of its attention on mcdular heat recovery
inincerator (HRI) systems that utilize raw refuse as fue}i

Most of these systemsz have iether cyclone operators or electtostat;c
precipitators to contrcl air particulate emmissions. Because of the small
particle size (less than 20-30 um) being emitted by most HRI systems, electro-
gtatlc precipitators are more effective in controlling air particuiate
emmissions. Air particulate emission standards are not being exceeded, but the

fly ash that accumulats: n a cyclo.e separator or electrostatic precipitator
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can produce 4 leachate whose lead and cadmium concentrations exceed the
maximum allowable as specified in 40 CFR 261.24.

A HRI can theoretically produce steam at a lower cost than conventional.
methods being used today. These systems, however, have not demonstrated a
great degree of reliability, availability, or maintainability. As a result
production costs have exceeded predicted values. It is felt that the problem
areas can be located and corrected. With this experience design changes can
be made to improve operational reliability and with these improvements HRI

systems can be an envirommentally safe and economical means of solid wasted

disposal.
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g ¢ INTRODUCTIPN

The American people generate municipal solid waste at the rate of
approximately 3.0 1b per capita per day. This meaus more than 115 million
tons of municipal solid waste is generated annually.(l) As Table-l indicates,
882 of this waste is composed of combined household and commercial refuse.

Solid wastes from Naval installations however, is composed of mostly
household and industrial refuse. It has been estimaved that 76Z of all the
individual Navy complexes generate less than 14.3 tons per day (TFD) of refuse.
This means that most of the Navy's solid waste management problems fall within

this size range category.(2)

TABLE 1

Municipal Solid Waste Production in the United States (1)
Measured weight
1bs/person/day

Combined Household and Commercial Refuse 2.64

Street and Alley Cleanings 0.19

Tree and Landscaping Refuse 0.02

Park and Beach Refuse 0.01

Catch Basin Refuse 0.14

Total Pounds/persun/day 3.00

Solid waste management involves decision making as to what method or
methods should be utilized in disposing of the generated refuse. Based on the
above discussion, the Navy's problems are much less seviere than most metro-
politan areas but they still must be dealt with in 77 Intelligent manner.

By and far the most common method of disposal utilized by the Navy todav,
is landfill, Based on a survey of the Navy Public Work Centers, cost of dis-
posal by landfill varies from $8 per ton to $42 por tor (Appendix B, Table B-1).
But the cost is only one factor that must be considcred. A survey of 38 Navy

disposal sites was conducted and the results are shown in Table-2.

Based on this sample, 457 of all Navy sites must be expanded or
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replaced within 7 years and only 24% have ample capacity to sustain operation
for more than 15 years (2).

Landfill sites becoming less available, and those with continuing opera-
tion will be required to comply with more stringent environmental guidelines.
This is a result of the Resource Conservation and Recovery Act (RCRA), and the
Safe Drinking Water Act (SDWA). To meet these guidelines many of the landfills
will have to be upgraded. The cost of the modifications required depends on
site location and type of potential contamination. Table-3 gives an indication

of some of the costs involved.

TABLE 2
REMAINING SITE LIFE FOR SELECTED NAVY SOLID WASTE ACTIVITIES
Renaining Site lLife (Years) Number of Sites Percent of Total
less than 3 14 37
3-7 3 8
8 - 15 12 31
more than 15 9 24
TOTAL 38 100
TABLE 3

ESTIMATED COSTS OF UPGRADING NWAVY LANDFILLS TO MEET
VARIOUS RCRA REQUIREMENTS (In 1977 DLeollars)

Annualized Added
Requirement Cost/Site* Cost/Ton
Water Quality
Environmentally sensitive area
Wetlands, floodplains 7,660 1.96%%
Permafrost 1,200 0.32%%
Critical habitat 0 Q%%
Sole~source ajuifer 1,200 0.31%%
Surface water
Nonpoint source controls 2,400 0.62
Ground water 10,500 2.69
Air Quality 800 0.21
Gas controls 7,900 2.03
Fire 200 0.05
Access 400 0.10
Bird hazard 1,202 0.31
Nisease Vectors 27,400 7.03
Aesihctics 700 0.18

*Thes: estimates conly include costs of meeting requirements not
covered undar otiior federal legislution.
#*Thrae estimates «:-u~t that uperading is possible to meet RCRA
requirinents, Sore facilities may be closed if contamination problems
are found to be too extensive or impossible to control.




Since landfill sl!tes are becoming more scarce and the operating costs of
the available sites are continuing to increase, alternate methods of solid waste
disposal must be pursued. Ome procéss that has been practiced for decades is
incineration. By incinerating refuse, the volume that must be deposited in a
landfill is g}eatly reduced, The bulk density of refuse at a landfill when
buried under normal disposal conditions is 250-300 lb/yd3 (3). Therefore, one
ton of refuse requires 6.7-8 yd3 of landfill volume, Table-4 provides a list of
typical products of incineration and shows that 471 1b of solids per ton of
refuse is produced that must be disposed of by separate means. The density of
this unburned portion is 1000 lb/yd3 (3). Therefore, 0.471 yd3 is required for
disposal of this residue, resulting from each ton cf collected refuse. This
represents a reduction of 93-947 of landfill volume required. This extends the
life of any given land®ill by an order of magnitude, With such a decrease in
volume required and a ~~vvoecroandingly fncrease in lan2fill 1life, incinzrztion
must be considered as a viable alternative to landfill tor refuse disposal.

Not only does the RCRA require compliance with more stringent guidelines
in the operation of landfills, but it alsc encourages the recovery of materials
and waste-derived fuels to the maximum extent practical at federal facilities (2).
Therefore, if the Navy opts to utilize some form of ircineration as the most
envirommentally sound method for refuse d’sposal, it must also pursue processes
that will r1esult in energy recovery of soma type. This wiil require incineration
systems that provide some means of heat recovery and/cr processing systems

that can convert refuse into a usable fuel.




' TABLE 4
TYPICAL PRODUCTS OF INCINERATION (3)
1b.per Tén Parts per Million
of Refuse by Volume
Stack Gases

Nitrogen and Inert Gases 14,556.5 705,233
Oxygen 3,006.5 128,062
Water Vapor 1,482.8 112,389
Carbon Dioxide 1,738.0 53,542
Carbon Monoxide 5.7 279*
Hydrogen Chloride 6.2 232%
Organic Gases 6.8 123%
Nitric Oxide (NO) 1.7 78%
Sulfur Dioxide 3.0 62%

Total Gases _ - 20,807.2 1,000,000

Solids, Dry Basis

Residue from Grate 442.8
-Collected Fly Ash, S4% effc. 28.2 .
Emitted Fly Ash, 6% Lloss 1.8

Total Solids 472.8

Total 21,280.0

.........
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*In furnace exit gases, typical values, capable of further reduction.
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Refuse Derived Fuels

The use of refuse as a fuel originated in Europe where they have long
cold winters and heating systems supplying large housing districts are
prevalent.(l) Therefore, there is a large steam demand and a high energy cost.
By utilizing refuse derived fuels (RDF), these costs can be somewhat alleviated.

RDF can be in the form of a solid, gas, or liquid. The solid RDF can be
categorized as either raw municipal solid waste (MSW), densified RDF, coarse
fluff RDF, or powdered RDF. Gas RDF can either ba low or medium Btu gas.
Pyrolytic oil is the term generally associated with liquid RDF.

MSW is defined as "those obsolete products discarded by domestic, com-

" mercial and municipal coansumers which would normally be deposited at municipal

rafuse disposal areas" (4). The value of this waste as a fuel is a function of
moisture content and per:ent ash. Calorific value of the fuel varies in

accordance with the following relationship (5).

B = Bo[l - A,;GMJ Btu/1b waste (1)

Bo = calorific vzlue of dry, inert free (DIF) refuse,

A = percent ash (non-combustible solids),

M = percent moisture.
Bo has been determinec to equal 10,000 Btu/lb dry, inert free waste. This
value and the above equation have been used to classify wastes to be Incinerated
by percent moisture content and heat available. The classifications have been

given type mumbters from 0 - 6 with characteristics as shown in Table-5 (5).

1f more thar one sccerce of refuse is utilized and each source has different

characteristics, the formula for an ideal mixture can be utilized to determine
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the additive properties (such as sture contcnt, heat value, and ash content)
of the overall mixture. The formula is as follows (6):
n
Pa = 3 Mfi Pi
i=1
where Pa = additive property,

Mfi - mass fraction of component "i"

Pi = property of component "1",
Table - 6 lists the heating value of some components of refuse that can be

utilized in the above equation in conjunction with equation (1) to determine the

heat value of the mixture.

TABLE 6
REFUSE HIGHER HEATING VALUES (7)
(Dry weight basis)
Category Standard HHV* Measured HHV
(Btu/1b) (Btu/1b)
Cardboard 7,791 7,862
Other paper 7,429 7,420
Food waste 8,162 9,042
Yard waste 7,282 8,006
Wood 8,253 8,423
Plastics 13,630 15,827
Textiles 8,793 8,452
Fines 3,457 4,568

* Kaiser, Elmer R., P.E., "Physical-Chemical Character of Municipal Refuse,"
Combustion Magazine, Februvary 1977, pp. 26-28.

Estimates of solid waste composition in the northeastern United States

and for Navy Jnstallations are shown in Table-7. Navy installations generate

TN, W

¥

less glass, metals, and yard waste than municipalities, but produce mor: food

N
waste on a percentage basis. The moisture contert in both cases is between 20 3
and 30% and ash content is 10% for Navy waste and 23.5% for MSW. Based 6nvthis g
data the Navy raw refuse is probably closer to type 1 waste and has a heat f
value between 500U Biu/lb and 6500 Btu/ib with 6300 Dru/lb being the calculated 1

L

value utilizing equation (1).

-
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TABLE 7
COMPOSITION OF SOLID WASTE

! o Type of Waste Municipal Solid Waste in Navy Solid Waste (9)
- Northeast USA (8) *
. Paper Products 41.5 36
‘ Mixed Office Waste 13
Wood 2.0 7 -
Yard Waste 12.9 5
Food Waste 16.2 21
Metals 9.4 5
Sludge 2
Glass 10.3 4
Other 7.7 7
Moisture Content 22.1 27
Total Ash 23.5 10
HHV-Btu/pound 4811 5050

* Percent as Discarded

Raw refuse can be utilized as a fuel in modular 3ncinerators (N-150 tpd) or
field erected incineraiors (150-2000 tpd) (6). Since most Navy Bases genmerate
less than 20 TPD the oniy iogical choice for tnei:r utilization 1s modilar
incineration. A typical modular incineration system is shown in Figure 1. These
units produce 3700 1b steam per ton of solid waste at a saturation pressure of
100-280 psig. No units are presently being used to generate electicity but it
is estimated that 30-100 KWH/ton of solid waste could be realized (10}.

One of the processes that has been utilized in an attempt to make refuse
a more acceptable fuel is densification. Enhanced RDF is generally used in this
process. Enhanced RDF is that which has been subjected to some form of processing
to remove the major portion of fine, inert materials commozly inheremt in the

unscreened, shredded.air classified,light fraction (11). A typical processing

scheme is shown in Figure 2,

dRDF has a heating value in the range of 6000-7000 Btu,;1ib. The moisture

PR -, R P
@, S

content varies from O to 107 and the ash content is in the range of 15-25% (10).
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It has been co-burned with coal or separhtely as the only fuel in incinerators.
dRDF has a lower fusicn temperature and higher ash centent than coal, which can
result is ash handling, slagging, and clinkering problems (11). Several other
problems have been encountered when dRDF has been utilized as the only fuel.

An extreme amount of dust is generated during the fucl handling process.
Inadequate distribution of fuel over the boiler grates has also been experi-
enced causing a non-uniform bed depth, resulting in uneven burning and localized
hot spots. The occurence of ignited organic particles being carried over with
combustion gases into the cyclonic collectors causing smoldering and fires

has also been observed (11).

The Air Force established some specifications for dRDF in their request
for proposal (RFP) from suppliers of dRDF. Table 8 provides a comparison
betweer the specifications requested and the a'erage values of dRDF as determined
by the Air Force. As shown, the average ash conteat ic higher than that specified,
which increases the chances of the problems discussed earlier to occur. The
moisture content is alsc borderline, which will result in large evaporative
heat losses. The Air Force also believes that pellet density, dRDF size
distribution, ultimate fuel analysis (i.e. amount of H, C, N, O, and S in the
fuel), volatile matter, ash analysis and ash fusion temperature, pellet
biodegradation, and pellet integrity are important par~meters in optimizing
the storage, transport, and combustion of dRDF (11).

As stated earlier, dRDF can be burned as a sole scurce of fuel or
co-burned with coal in a typical stoker boiler. ®r-om a Navy standpoint,
however, a dRDF systew is not feasible in the 0 - 40 TPD range and it has
been estimated that a rate of 200 - 250 TPD is reqrired for economic

feasibility {1C¢). Thus, for small generation systems, dRDF is not a practicdil

alternative.




TABLE 8 PROPERTIES OF dRDF (11)

L%
Number Air Force
of Nata Std. dRDF
Property _Points Range Average Dev. Specifications
| ® Heating Value, 14 6890-8431 7525 460 6500
. Btu/1b (dry)
. Ash Content, 15 10-30 16.6 7.3 15
. percent (dry)
) © Moisture Content 15 6-28 19.3 6.6 20
3 (percent)
. Bulk Density 3 25-30 27.7 2.5 35
- (1b/£ft3)
Pellet Density 2 35-74 Ia) I None
(1b/£t3)
~-3/8" Fines 1 1 1 I 5
(as received)
Volatile Matter, 8 60-77 66.9 5.8 None
percent (dry)
Ultimate Analysis,
percent (dry)
H 5 5-6 5.8 0.4 None
C 5 31-43 37.6 4.8 None
N 5 0.4-3.0 1.1 1.1 None
0 S 23-41 35.2 7.1 None
S 6 0.1-0.3 0.2 0.1 None
Ash Analysis,
percent (dry)
$i0, 2 28-47 None
Al704 2 10-31 None
NA,0 2 4-7 None
Cao 2 5-15 None )
I-‘e203 2 2-5 None .
MgO 2 4-7 None i
2 0.1-0.9 Nene .
|
a) = Data only available . . irce ans was measured after shipmeant to the burn sit=. .
10
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Coarse fluff RDF is the least refined.form of solid waste fuel used
commercially. It is larger in size and contains more inorganic matter
o than other types of processed fuels. The use of this fuel is limited to
grate fired incinerators. Because of the high inorganic content, the
probability of slagging and clinkering is also increased and as a result,
l‘. it has not been widely used. 1t to is not economically feasible when waste
generation rate is below 200 ~ 250 ng and therefore dces not exhibit much
promise for use by the Navy (10).
On the other end «f the scale, powdered RDF is the most refined form

Tl
of the solid fuels. The minimum waste generation rate of 200 - 250 TPD is

e A MiEmm T 7
e

also necessary to obtain economic feasibility with this type of fuel and
this far exceeds the typical Naval Station production rate (10).

The production of gas and liquid fuels from refuse is accomplished by
pyrolysis. Pyrolysis is generally referred to as destructive distillationm,
but is correctly defined as an irreversible chemical change brought about by
the action of heat in an c¢xygen deficient atmoshpere (12). Pyrolysis of

solid waste feed material produces CO, Hz, COz, hydrccarbons, and condesnsibles

that are carried in the product gas and carbonaceous rosidue with gas phase

o

constituents. Some of the more important reactions are as follows (13):

, Ry S

C + 0, <y CO,

c+ CO2 - 2C0

C + HZO"" CG + H2

C + 2H, = CH, ; {
2 4 .
The {irst reaction is highly exothermic, extremely rapid, and proceeds

to corpletion with respect to oxygen disappearance. The second and third reaction

are comronly referied to as the Boudouard reaction and the water gas reaction
11
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respectively. These reactions are endothermic and are thermodynamically
favored at temperatures over 700°C. The reactions are slow, however, and
therefore are rarely at equilibrium in coal char systems at temperatures
below 1100°C. The last reaction is highly exothermic and is favored at
temperatures below 600°C (13).

Reaction rate tests were conducted at Princeton University utilizing
newsprint from the New York Times and the Wall Streest Journal, hardwood
and softwood sawdust, and cow manure at nominal heating rates of SOC/min.,
10°¢/min., 20°C/min., 50°C/min., and 100°C/min. The follo&ing general rate
eqration resulted (14):

dv n
at K (v* - V)

%% = rate of weight loss (on a mass fraction basis)

V* = Volatile weight fraction of the crganic material
n = reaction order
K = A exp (-E/RT)

A = frequencv factor

a1
[

activiation energy

w
n

universal gas constant

-3
[]

temperature °x).
From this equation it is apparent that temperature and the initial volatile
fraction of the organic material are important parameters in controlling
the pyrolyvsis process.

It has been estimated that 90% of the energy content in the dry feed
can be recovered and ie in the form of cas or oil after exiting the pyrelveics
process (15,1). The tezperature of the exit gas is approximately 400 - 500°¢C
with a heating value of 100 - 170 Btu/SCF. Natural gas as a heating value
of 1000 Btu/SCF. HBRigh Btu RDF derived gas is that which has a heating value

greater than otr equal to 507 of the natwral pas value; medium Btu gas has

12




a heating value greater than or equal to 25% of the natural gas value; and

gas with a heating value which is less than 25% of the natural gas value is

termed low Btu gas (1).

low to medium Btu gas.

So based on these definitions, most systems produce

Table - 9 1llustrates the variance that occurs both

in component structure and heating value between different pyrolytic processes.

TABLE 9 PYROLYTIC GAS COMPOSITION OF

Component
(% by volume)

Cco

002

CHA
Other Hydrocarbons
N2 and others

Heating value
(Btu/SCF)

DIFFERENT PYROLYSIS PROCESSES (10)

Purox System

26
40
23

5

370

Enterprise System

1.19 - 4.06
3.53 - 21.25
14.80 - 36.36
2.31 - 13.69
6.07 - 14.18
17.3 - 72.26
146 - 502

Dual Fluidized
Bed

19.58
35.84
16.73
14.35
9.08
4.08
530

As with several of the other RDF processing systems, pyrolysis is not

suitable for small systems.

The process is highly technological and capital

intensive (10). Also, the process is still in the developmental stage from a

practical application standpoint.

ton/day plant in 1972 - 1975 time frame.

in 1976 and 1978.

incineration (10).

The city of Baltimore constructed a 1,000
This system had to be modified both
It iz now shut down for conversion to mass burning

Tnis 1llustrates even furtliicr that wore research is needed

before pyrolysis can be utilized on a wide scale basis for the preduction of

RDF.

Table - 10 summarizes the propertirs of the RDF fuels.

For small systems

the only RDF fuel that appears to bea possible alternative is rav curicipal

solid waste. Unfortunately,of all the fuels, it has the least desirablc

properiics. The heating value is 177 1o 887 less than other Li.

13
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"Ks contents is 20% to 257 higher than densified and powdered RDF. The ash
content is 5% to 15% higher than the other forms of RDF. The total volatile

fraction is 20 to 40% less than other RDF. Bulk dencity of MSW is 207 to

B L ] 33% less than the fluff forms of RDF and an order of magnitude less than

\ densified or powdered RDF.

_ This means that a much larger quantity of MSW is required to produce the
i o same heat output as other RDF and a larger percentage of this heat will be
_\ lost due to evaporation. The chances of clinkering and slagging in the

ooy

A boiler is greatly increased and storage requirements could be a significant
[ problem. But with all its shortcomings, MSW is the most e.conomical RDF for
small systers. This is due to either the need for further techmological
development of the other processes or the high capital and operational costs
of those processes. Table 11 provides @& summary of combustion systems that
should be used with MSW as well as other forms of RDF and the necessary

generation rates in order to approach economic feasibility.
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PREPARATION OF RDF

It has already becn stated that the heating value of Navy solid waste
is approximately 6300 Btu/lb. If the moisture content could be reduced from
27% to 20%, the heatins value would theoretically increase to 7000 Btu/1lb if
all other variables remain constant. This is approximately a 167 increase in
the heating value. A decrease in moisture content from 27%Z to 107 increases
the heating value to 8000 Btu/lb, a 277 increase. In other words, as shown
by equation (1), for every percent decrease in moisture content the heating value
is increased by 100 Btu/lb. The same is true for a 1 percent decrease in
ash content.

Figure 3 provides a mass and energy balance per ton of input to an
incinerator for M3W with a moisture content at 277%, a heating value of 5050
Btu/1b and all metal and glass has been removed. The heat loss is 15% or 1,515,002
Btu with 100% excess air. If moisture content is reduced from 27% to 20% the
heating value increases from 5050 Btu/lb to 5750 Btu/lb. The loss from the
incinerator is still 15% or approximatzly 1,725,000 Btu. Based on the mass
balance, 12.58 1b dry air/lb organics is required to incinerate the refuse (9).
There is approximately 0.0-43 1b nzo per pound of dry air at ambient conditions
(8). When moisture coatent decreases to 20%, the weieht percent of organics
increases to 707 or approximately to 1400 1b per ton of refuse. Which raises
the heat available to 11,500,000 Btu/ton. The air requirement increases to

17,620 1b dry air per ton of refuse and this air has approximately 77 1b of water

2

vapor associated with it. The total evaporation lneses increase bty 4 .9% from

>
L

8,569,109 Btu to 8, 986,781 Btu duc ithe increased air vequirement. There is,
however, an overall n:ct gain when compared to a moisture content of 27%. The
net available encrgy improves from 15,892 Btu/ton at 27%Z moisture content to

788,220 Btu/ton at 207 moisture content.

19
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Not all reductions in moisture content can provide such drastic results.
Figure 4 illustrates ac moisture content decreases the available heat increases

but at a decreasing rate. The assumption is made that all other variables remain

constant, i.e. tﬁe ash content remains at 200 1b per ton of refuse. 1In
reality, the ash content would probably increase but not significantly
enough to change the incinerator performance.

In order to reduce the moisture content of refusglthe source of the
moisture must be determined. Table 12 lists the diff>rent components of
rerfuee and how much they contribute to the moisture and ash content. By far
the major portion of the moisture is found in food and yard waste while the
major source of ash is metal and glass. As was shown in Table 7, 26% of the
solid waste generated by the Navy is food or yard waste. If these could be
eliminated, the moistu;e content would decrease from 27% to approximately
10% and as shown in Figure 4, the net heat available would theoretically be

1.72 MBtu/ton of refuse.

TABLE 12 MOISTURE AND ASH CCNTENT OF REFU.E {16)

% Moisture 1b Moisture lb Ash

""AS DISCARDED" 100 1b Dry Refuse 100 1b Dry Refuse
Metal 2.0 0.22 10.13
Paper 8.0 3.97 2.74
Plastics 2.0 0.03 0.17
Leather 2.0 0.04 0.24

and Rubber

Textiles 10.0 .27 0.08
Wood 15.0 0.52 0.09
Food Waste 70.0 23.10 2.17
Yard Waste 50.0 10.79 0.54
Class _ 2.0 0.23 11.21
Miscellaneous 2.0 0.05 1.62

........

In a practical sense total eliminaticn of the food and yard waste may

not be possible, but in a Navy community & 50% reduction is by no means

.
-
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impossible and may oven bhe conservative. If waste from Navy galleys was
separated into garbage and dry waste and then individually collected, the
volume of food waste in the RDF and moisture content of the refuse would be
significantly reduced. If housing occupants were encouraged to utilize garbage
disposals instea& of discarding the garbage into receptacles, a change in

food waste would also be observed. 1If yard waste was to be collected only in
trash bags and only on given days, the major portion of the yard waste would

be eliminated. These ideas are simple, practical and would show results.

Even if complete evaporation could not be achieved, o 50% cooperation rate
could show significant results.

Moisture contents is not the only concern with RDF, however, ash is also
important. The higher the ash content the greater the disposal cost. Metal
and glass are the major sources of ash in refuse (Table 12) and generate
other problems as well. Metals cause slagging in incirerators. The more
slageing that fakes nlace results in more maintenance and thus higher operatire
costs. Glass has a low melting point and as such causes what is termed
clinkering (8). The ash particles cling together and when the glass cools a
tight adhering layer can be formed in the bottom of the incinerator. The
removal of this layer car be difficult and again results in increased main-
tenance cost. Even if the glass is maintained in a molten state the ash
particles will cling together and make ash removal more difficult.

The elimination of meral and glass in refuse would be even easizr than
eliminating food and yard waste. Sepzarate receptacles could again be provided
for glass and metal refuse and bccause the possibility of protrusive odors is
minimal collection frequency could be greatly reduced. There is also the
possibl- reder;ticn of recyelitle metals. Fven if the quantity is not

large enough to warrant the Naval station ccllecting and redeeming these
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metals, there are always organizations willing to do the collecting of
metal containers if they can keep the funds received upon redemption.

It has also been recorded that there are a number cf significant
benefits to burning shredded refuse rather than unshredded refuse; these
benefits include better surface area-to-volume ratios,bsimpler ash handling
equipment, and elimination of hot spots through better refuse mixing (3).
The.2fore, if the Navy is going to utilize raw refuse as a fuel, some
degree of presorting is required to decrease the moisture content and ash
content as well as removing metal and glass constitueits. This presorting
can be accomplished prior to or after arriving at the incineration sight.
Once the refuse has been presorted it should be shredded to improve

handling and thermal characteristics.
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e Ash Content = 10%

Initial Heat Value =
5050 Btu/lb with
moisture content at 277

Net Heat Available (MBtu/Ton Refuse)

| & 4 2 r
5 10 5 ya 25 30

Moisture Content (5)

FIGURE 4 MOISTURE CONTENT vs NET HEAT AVAILABLE
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ENVIRONMENTAL CONSEIDERATIONS

Anytime a solid fuel is used to generate heat there is both air
emissions and solid waste (ash) that must be monitored and disposed of
safely. This means that there should be nc detrimental effect on the
enviromment. The emphasis placed on enviromnmental protection has greatly
increased over the last two decades and rightfully sc. Table 13 gives
an indication of this trend. As shown, the first federal standards for
particulate matter exiiing the stack of an incinerator burning refuse was
established by HEW in 1966 where by they allowed 3.76 lbs. of particulate

matter to be emitted per ton of refuse charged to the incinerator.

. TABLE 13 TIGHTENING OF PARTICULATE
EMISSION STANDARDS (1)
1bs/100 1bs
flue gas at gr/scf gr/uwcf 1bs/ton
507 at 507 at 127 of refuse

excess air excess air CO7 charged
1960 ASME 0.85¢2 0.442 0.497 9,58
1966 Federal HEW 0.342 0.178 0.20023 3.77
1971 Federal EPA 0.362 0.188 0.212 4.002
1971 Federal EPA 0.272 0.089 0.1002 1.88
1971 Federal EPA 0.1356 0.071 0.0802 1.50

#Standard given in code.

This was lowered to 1,88 1lbs. and then to 1.50 1lbs. per ton of refuse by the
EPA in 1971, which is a 60 percent decrease within a five year time frame.
It was during this period in history Luat staundards bLecame the yrule rather than

the exception.

with dircineratior, chere are five factors that are tb> major determinants

of the armount of particulate or fly ash that results from the combustion

of refunc. ‘hese fortcre are: refuse composition, completeness of crnbustion,




i. burning rate, the grate system utilized'in 'the incinerator, and the
underfire air rate (1). These parameters also affect the discharge of
. other noxious gases as well as particulate matter. The gases of major
I. concern are carbon monoxide (CO), the nitrogen oxides (NOx), and sulfur
: oxides (SOx). Carbon monoxide is both toxic and combustible and is a
product of-ihcomplete combustion. The nitrogen oxides form nitric acid and
sulfur oxides form sulfuric acid and the amounts of both are a function of
composition and air fiow into the system as well as operating temperature.
The formation of hydrochloric acid is also possible when refuse is incine-
rated and is a function of the initial composition. Also, if refuse is
heated under starved air conditions, organic acids can he formed, most of
which are burned above the fuel bed (3).

Several air particulate control systems have been and are being
utilized in an attempt to control air particulate emissions. Table 14
provides a listing of these systems and the corresponding efficiencies.

As can be seen, the type of system selected depends s5n composition of the
flue gas and correspondingly what must be removed. Electrostatic precipi-

tators and fabric filters produce high efficiencies for the removal of fine

particulate matter and volatile metals but have little effect on the oxides,
bydrocarbons, or bydrogen chloride. Wet scrubbers produce high removal

efficiencies for coarse particulate matter and volatile metals, and they are

-
p
K
!
i

also effective in rewcving the oxides, hydrogen chloride, and polynuclear
hydrocarbons.

The selection of air particulate removal cvetems is a function of the flue |
gas composition. There aro several properties that govern how well a particular
system will perform. 1If there is a large quantity of particulate matter in the

flue gas, an electrostatic precipitstor mav not be desirable, even though it

26
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has the best removal efficiency, because it cannot handle the volume
required. It the particles are relatively large, a cyclone separator may
be more effective. A wet scrubber may not perform satisfactorily if the
specific gravity of the substance being removed is not in the right range.
If the particles are electrically neutral, an electrostatic precipitator
may not be desirable. If the flue gas contains a large quantity of oxides,
then the wet scrubber would be the most effective system because oxides

are relatively solublc in water. When selecting an air particulate control
system, the quantity of air being processed, the particle size distribution,
the specific gravity, the electrical characteristics, and the chemical
composition are all important properties and should be evaluated (3).

Oncé the particulate matter in the flue gas (fly ash) has been collected,
it must be disposed of by some means. Typically this is accomplished by
disposal at a landfill sight. As such, the leachate from this =»ch could
create toxicity problems. During a test and evaluation of the heat recovery
inciner;tor system at .[‘aval Station, Mayport, Florida, the removal
efficiency of a cycione dust collector and the toxicity of the fly ash
leachate were evaluated. It was noted that 95 percent of the fly «sh
collected was greater than 46 um in size. The reason being that multi-
clones are not efficient particle-collecting devices when particle si:zes
are below 20 to 30 um. Incinerator particulates arz generally smaller
than this and as such a cyclone dust collector is not an efficient wmeans
of removing particulate matter generated by incinerator operation (7).

The cyclone ash leachate was also tested for toxicity and the results

are shown ip Teble !5. Cadmium and lead concentraticns were above ihe prosceribed
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standards. The cadrmium concentration limit was exceeded by 135% and the
lead concentration excecded the limit by 64%. This means that the fly ash
would have to be mixed with some other material before disposal,in an effort

to reduce the concentration levels by dillution (7).

TABLE 15 CYCLONE ASH LEACHATE
TOXICITY RESULTS (7)

Fly ash (cyclone) Maximum allowable*

Contaminant (mg/2 ) (mg/R )
Arsenic 0.058 5.0
Barium 0.775 100.0
Cadnium 2.35 1.0
Chromium 0.590 5.0
Lead 8.195 5.0
Mercury 0.0016 0.2
Selenium 0.018 1.0
Silver 0.105 5.0
Endrin < 0.005 0.02
Lindane <0.001 0.4
Methoxychlor <0.010 10.0
Toxaphene £0.010 0.5

2, 4-D € 0.002 10.0
2, 4, 5-TP <0.002 1.2

* As specified in 40 CFR 261.24.

Based on the resuits of this test it is apparent that cyclone dust
collectors do not provide adequate particulate removal and the material removed
can form a toxic leachate. Therefore another type of air particulate
control should be utilized.

A similar test was conducted for the Air Force ur a stoker hot water
generator that was fueled by dRDF. The boiler that wzs tested was located in
Buildine 1240 Heating Facility of Wright-Patterson Air Force Base, Ohio.
This generator had been previously fueled by coal. Tatle 16 shows the
stack emissions for both dRDF and coal with an elecirostatic precipitator
iuztailed. YNote that there is no appreciable difference in emissions and
in neithcr care were the maximum permissable limits exceeded (17).

e
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| ® TABLE 16 STACK EMISSIONS (1b/1063tu) {17)
: f— Maximum l
- - dRDF Coal permissable® i
Particulate :
ESP iunlet .925 .933 -
ESP outlet .019 .023 .10
HC .04 .04 -
co .22 .24 -
SQx .38 .80 1.2 f
Nox 45 .66 .70 !
Carbonyls .005 + - ‘
. Formaldehyde N.D.! N.D. - ;
|
* 40 CFR 60.

4+ Not tested

! Nonc detected above the detection limit of i x ;G°6 g/ sec.

Precipitator performance is usually analyzed through the use of the
Deutch Equation which is expressed as follows:

= 2 1
w loge P

A
W = drift velocity (ft/min), ;
Q = volumetric flow rate (ACFM), 3
A = electrode plate area (ft€), o
P = outlet particulate rate -
inlet particulate rate -
Drift velocity is a measure of how effcctively a precipitator causes ;
particles to migrate toward the collecior plates {perpsndicular to the ﬁ
gas flow). The precipitator removal efficiencies were greater than 987 for <
botl, coal and dRDF, but the drift velocity was somewhat less for dRDF. i
As a result, the dRDF required more precipitator power but a slightly ;
30 (
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higher removal efficiency was obtained. (17)

In this particular test the fly ash leachate was not analyzed for
toxicity. It was noted, however, that there was no measurable increase
in stack emiséions of lead or cadmium when dRDF was used compared to coal.
Since lead and cadmium emissions are usually associated with RDF combustion, it
can be assumed that an electrostatic pracipitor is effective in removing
these pollutants and that they would be present in relatively high
concentrations in the fly ash. So again, the fly ash should be mixed
with some other material before disposal.

Even though fly ash can create a possible disposal problem, the
electrostatic precipitator does provide the necessary particulate removal
efficiency when RDF is utilized in a heat recovery system. More research,
however, should be conducted to determine an adequate mrans of disposal of
the flv ash.

Not only must fly ash that is entrained in the flue gas be disposed
of separately, but the unburned residue of RDF known a: bottom ash is also
a potential source of pollutants. In the Mayport, Florida test, bottom
ash leachate was also aualyzed for toxicity. Table 17 gives the results of
this analysis. It shouid be noted that none of the raximum allowable

limits were exceeded. The cadmium concentration was well below the maximum

allowable limit. The lead concentration, however, was within 177 of the

upper limit. Therefore if the original composition of a refuse is

9
significantly different thatn that tested, therc is the possiblity of B
exceeding the maximum allowed lead concentration. -
Alr particuiate emmissions and ash lecachates are not the only sources ;j
|
of pollution, there is a large quantity o¢f dust created in and around "
RDF handlin; equipment. Ernough dust Las been cxperienced to create :
3 |
4
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a discomfort hazard to the operators. In one report it was suggested that

dust control systems Le installed on refuse handling systems partigtlarly at

® transition points (18).
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.- TABLE 17 BOTTOM ASH LEACHATE TOXICITY
tf RESULTS (7)
Bottom ash Maximum allowable*

Contaminant (mg/ ) (mg/ Q)
Arsenic 0.122 5.0
Barium 1.60 109.0
Cadmium 0.135 1.0
Lead 4.170 5.0
Mercury 0.0025 0.2
Selenium 0.020 1.0
Silver 0.085 5.0
Endrin < 0.005 0.02
Lindane < 0.001 0.4
Methoxychlor <0.010 10.0
Toxaphene <0.010 0.5
2, 4-D <0.002 10.0
2, 4, 5-TP < 0.002 1.0

*As specified in 40 CFR 261.24.

Based on the Mayport, Florida and Wright-Patterson Air Force Base tests,
it is possible to operate RDF fueled heat recovery systems and meet the
present air emmission standards. A fly ash was produced, however, which re-
sulted in a leachate containing cadmium and lead in corcentrations exceed-
ing the prescribed limits. Bottom ash leachate concentrations were all
within specified limits and as such botiom ash was not considered a
hazardous waste. Dust collectors have also been strungly recommended

for RDF transport systems.
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ECONOMIC ANALYSIS

In September, 1980, the Naval Civil Engineering Laboratory (NCEL)

. Environmental Protection Division, Port Hueneme, California, contracted
- with SCS Engineers, Long Beach, California, to prepare a document on the
i ° application of resource recovery technology. This document contains fuel

characteristics, system specificaticns, product market potentials, and

e o
.. :ll

cost estimates for both fuel recovery and combustion systems. This infor-

[

mation was used extensively in performing an economic analysis on a heat
recovery system utilizing raw (unprocessed) solid waste as a fuel (10).
This document stated that the price of solid waste fuel is a function
of; displaced fuel cost and availability; RDF quality, quantity, and
deliverability (guaranteed/non-zuaranteed); future conventional and alter-

nate fuel price trends; technical compatibility of combustion equipment; air

pollntrion control requirements; and residue disposal requirements.

Figure 5 shows the operating and capital costs associated with the

transfer and transportation of solid waste. Only one or two operators are

required for a system designed to process up to 100 TPD. Since labor is
a major portion of the ~=p:rating costs, these costs are assumed to be

constant and equal to approximately $25,000 for plants smaller than 100 TPD.

SR j';';}“!;_lﬂ‘

The lower =nd of the capital cost curve is linear with an approximate slope

of $523/TPD from O TPD to 2GJ TPD.

plant is relatively insignificant with

Therefore the capital cost of a 10 TPD

a value of about $500.

c R L.

Figure 6 is a graphical depiction of the operatin: and maintenance
cost and the capital cost cf a modular iacineration heat recovery system .
designed to busa 1aw roiuse. Tased on liwmived Jata,the operating and R
]
maintenance costs are linear with a slope of $4CO0/TPD. A more realistic .

-
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curve, however, shows that there is some economy to scale. This results
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because again labor is a major operating cost and as a plant is enlarged

a e more operators are not necessarily required. The lower curve will be used

ik in this analysis. Therefore a 10 TPD plant has an operating and maintenance

:; cost of $40,000. The capital cost curve is linear with a $25,000/TPD ﬁ
! b slope and the capisgl cost of a 10 TPD plant is $250,000. A breakdown of

:; each individual cost ;as not provided-but a breakdown of cost estimate for

other systems was provided. In these estimates labor costs were estimated
at $20,800/man year and air pollution control equipment was included in the
capital investment calculations.

Total capital investment for both_the recovery system and the combustion
system must be annualized and added t; operating and maintenance cost to
arrive at a total annual cost. A 107 discount factor znd a 15 year expected life
was used for this calculation. For a 10 TPD plant the total capital
investment is $250,500 with an annualized cost of $32,940/yr. Since the
operating and maintenance cost for this plant is estimated to be $65,000/yr,

the total annualized cost would be $97,940/yr. Figure 7 shows the calculated

annualized costs for plants up to 80TPD.

It has been estimated that on the average 3,700 lbm of steam per ton

of refuse can be produced (10). This steam is in the range of 100 to 280
psig and therefore would have an average enthalpy of 1196.14 Btu/lbm (19).
This means that 4.426 MBtu of steam per ton of refuse can be generated. Thus
a 10 TPD plant nperating 2365 days per year can predece 1.62 x 107 M2ewfur,
This relates to a production cost of $6.06/MBtu. TFigure 8 depicts the steam

production costs of various sized platns. As is illustrated, there is a

definite economy to scale.
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(I Electricity production is limited t¢ between 30 KWH/ton to 100 KWH/ton.
Figure 9 is a graphical presentation of electricity production costs. The

upper curve shows the production costs if generation rate is limited to

30 KWH/ton and the lower curve for a generation rate of 100 KWwH/ton. At the
- lower generation rates there is a slight economy of scale; for a 10 TPD plant
the production cost is about $0.78/KWH and for an 80 TPD system the cost is
approximately $0,65/KWH. This corresponds to a 17% reduction in generation

costs. At 100 KWH/ton, however, the generation costs are relatively constant

REARESRIEN - PUARPARLINED" PR N

with an average cost of $0.21/KWH.

‘Table B-2 1lists the price that Navy Public Work Centers have to pay
for their steam whether it is generated in house or purchased. The average
price for FYBl was $8.39/MBtu. Appendiv A contains questionaires from which
this data was extracted. These cuestionaires also show that in some cases
a 107 growth in steam requirement is expected and some cf the operating
boilers have already exceeded their projected economic life. With steam
requirements increasing aad boilers needing replacement, modular incinerators
are an option that should be considered. It is projec-ed that these
incinerator; can produce steam for $2.00/MBtu less than present methods.

Modular incinerators ~re not as attractive for electricity production

because costs are an order of magnitude higher than is presently being

paid (Appendix A, Table B-2 ).

-
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UTILIZATTON BY THE NAVY

The first steam generating water-wall furnace te¢ be built in the U.S. Navy
for the incineration of solid waste is at the Norfolk Naval Station, Norfolk,
Virginia. Design of the plant was completed in 1965 by Metcalf and Fddy engineers
and the construction of the plant was completed by the Van~Guard Corporation
of Norfolk, Virginia, in May 1967. The plant consists ¢f two 180 ton/day
incinerator furnaces and each furnace can produce 50,00C lbm/hr of 275 psig
steam. The plant receives refuse collected from Naval activities and ships
in the area and accepts a limited refuse load from the neighboring cities of
Norfolk, Little Creek, and Fort Storey. Cyclone separators were originally
used as a fly ash removal system. 1In 1976, the separators were replaced
with two electrostatic precipitators. The average gross processing cost is
$29.63/ton. It was estimated that to replace the Iacil:ty would cost about
$16,000,000 as compared to a total investment of 54,510,U00 from 1367 Lo 1979
(20).

Another Navy plant was built in 1277 at Portsmouth Fnergy Recovery
Facility, Portsmouth, Virginia. The plant was designed by the Day and
Zimmerman Co. and consists of two 80 TPD water-wall incinerator furnaces. The
two incinerator boilers are designed to produce 30,000 Ibm/hr of steam each
at 125 psig. The total cost of the plant was $4,200,070. 1In 1980 the opera-
ting and maintenance cost totaled $330,000 (20).

The last two heat recovery incinerators (I1IRT) built for the Navy are

A

[

[

=~

located at Naval Station, Mayport, Florida and Naval Air Station, Jacksonville, .-
Florica. The Mayport HRI is a field-erected, refractory lined incinerator é
.:.'

designed tou burn unprocessed Navy base waste. The Jacksunville HRI is a :
7
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. packaged incinerato: with proprocessing to remove glass and metals. Both
plants are designed to process 40 - 50 TPD (7).
. The Mayport, FLorida HRI was tested and evaluated in 1981. During this
: test, stack emissions were monitored and found to be within acceptable limits
; Py utilizing.cyclone separators for particulate control. It should be noted,
however, that only visihle emission standards are in effect for incinerators
processing less than 50 ton/day in the state of Florida. If this system
N e were subject to the mass emissions limit of 0.08 grain/scf (corrected to
12% COZ) for systems larger than 50 TPD, a different air particulate control .
system would have to be installed because the average particulate concentration
o being discharged is 0.669 gr/scf (corrected to 12% C02) (7,9).
If the Navy is to continue utilizing HRI's, they must prove to he
economically feasible. It can be seen in Figure 6 that there is little economy
1 e of scale at tho l:zuwar refuse proc2ssing rates. Many of the studies conducted
for the Navy have indicated that processing solid waste into fuel and using

this fuel in boiler plants is uneconomical (9). This report shows, however,

DR P e

o that it is possible to produce steam at a lower cost than present

conventional methods when raw refuse is used as the fuel in a new HRI

TRNFIRY RAE Gy Wiy S BV

system. (See Appendix A and Table B-2).

& There are several things to consider, however, before a rational

decision as to applicability of HRI systems can be mace. One of the things

to consider is whether the steam demand is large enough to warrant such a

MR B B K &

< system. The demand must be large enough and centralized encugh to utilize

._-ﬂg .

the steam being produced. A base may have an overall steam demand such that

I on paper a HRI appeavrs to be econuaxically feasible, but this same steam vtiliza-

. SN A

'\ @ tion system may be so wide spread and disjointed that no one user can utilize

the stcam that a small system can generate. Table 18 illustrates such a

.
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phenomenom. The steam demand for Public Works Center (PWC) Subic Bay,
Philippines, appears to be able to support two 80 TPD plants. This, however
is not the case. This PWC supports four bases and the demand is spread

out to different barracrs, galleys, docks, and other facilities on these
bases. Most of the buildings are supported by separate individual boilers
with the only demand being large enough to support even 2 10 TPD to 20 TPD

plant is for the ships tying up to the dock.

TABLE 18 STEAM PRODUCTION POTENTIAL

Plant Size Steam Production Potential
1bm X 106 MBtu X 103
10 TPD 13.5 16.15
20 TPD 27 32.3
40 TPD 54 64.6
60 TPD 81 96.9
80 TPD 108 129.2

Public Works Center

(PWC) 1bm X 106 MBtu X 103
Pennsacpla, Fla. 2.14 2.55
San Francisco, Ca. 685.9 816
San Diego, Ca. 155.5 185.85
Guam 67.3 80.4
Subic Bay, Philippines 199.3 237.4
Pearl Harbor, Hi. 165 196.9

Steam Requirements for FV 8]

Another consideration is the availability of a IIRI system. Figure 11
illustrates how payback period varies with downtime. As shown the payback
period based on replacement of existing systems increases in the range of
247% to 3007 when downtime increases frowm 10% vu 20%. 5o if the system is
not available at a reasonable level the transition -wouid not be.
practical. In order to detcermine the availability of HRT systems, the
Navy contracted with VSE Corporation of Oxnard, California, to cenduct a

reliobiiity, maintainabilicy, and availability cvaluation or ihe Mavport
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heat recovery incincrator program. Based on data ccllected from 29
September 1980, to 28 September 1981, there is a 0.4890 probability that
the HRI will be capable of performing all of its functions when called upon
at any random point in time. The reliability evaluation showed that
there is a 0.3858 probability that the HRI will operate trouble-free for
120 consecutive hours during anormal operation cycle (21).

The maintainability index (MI) was not any better. The MI for the
HRI installation was 1.12. This means that for every twenty-four hours
of operation, twenty-seven hours are spent on corrective and preventive
maintenance. The major source of failures requiring corrective maintenance
were the feed ram sticking, crane radio electronics failing, and ash
conveyor problems (21). Even though the above results are not very
favorable it should be kept in mind that this system is a relatively new
system and that a lot of the present maintenance problems will not be
prevalent once operational experience is obtained. For example, three
repairs that required 622 manhours were associated with design changes.
Also, during corrective maintenance and HRI idle periods, considerable
amounts of preventive maintenance were performed, but not necessarily
required. Taking these items into account drops the MT to 0.41 which
means that for every twenty-four hours of operation, ten man-hours of
corrective and preventive maintenance is required (21).

The overall HRI system evaluaticn showed a thermal efficiency of
0.415, specific total manlours of 0.497 manhours/MBtu, the average co-t

of steam was $9.13/MBtu, and a percent landfill reduction of 70% (21).

This corresponds to approximately 487 downtime when compared to production

cost based on operating 365 dayvs per vear, and 24 hours pcr day as
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calculated in this repnrt. The cost is also higher than present systems.

With reliability being rather low, backup systems must also be main-
tained. The maintenance cost for these backup systems depends on the
level of reliability rejuired, but must be taken into account when
conducting an economic feasibility study of a HRI system.

A major consideration is the ability to meet environmental standards.
As Table 19 illustrates, the specific standards depends on plant location.
Each state has its own emission standards and there are Federal standards
as well. It is vitally important that one evaluate the system being
contemplated to insure that all emissions are within specified limits. If

there is a comflict between state and Federal reguvlations, the most restrictive

should govern.
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SUMMARY OF SELECTED REFUSE INCINERATOR EMISSION STANDARDS (9)

Area

Capacity
of Incinerator

Puget Sound Area
of Washington

City of Phila-

- delpnia, PA

State of Florida

San Francisco
BRay Area in
California

(Corparable to
standards in Los
Angeles area)

New Hampshire

Hawaii

All

All

50 ton/day

50 ton/day

50 ton/day

50 ton/day

200 1b/hr

50 ton/day

50 ton/day

50 tou/day

Visible Emissions

Mass Emission

Less than Ringelmann #1 (20%
density); for 57 min/hr
3 min/hr (no limit)

Less than 307 density on
Ringleman scale for 59.5
min/hr; 30 sec/hr or 3
min/day less than 60%
density

Zero visible emissions except
for 3 min/hr when emissions
are not to exceed 20%
density on Ringlemann scale

Less than Ringlemann {1
(20% density) for 57 win/day
3 min/hr (no limit)

0.10 grain/scf
(corrected to 12%
mzemhmmeof
€0, from auxilary
fuel)

0.08 grain/scf
(corrected to 12%
C02)

0.08 grain/scf
(corrected to 12°%
C02)

0.15 grain/scf
(corrected to 6%
0, with no
auxilary fuel)

0.08 grain/scf
{corrected to 127
C02)

0.2 grain/scf
(corrected to 12%
C02)

0.08 grain/scf
(corrected to 127
C02)

0.0% grain/zef

(corrected to 12%
coz)

Dry gas basis in all cases.




= 207% downtime

¥~ 10% downtime

=

60

p.* - ~
b - 1]
S -
L Ko, 4
o 10
<)
i
E
3]
o~
o~
2
® - )
2 S
[« 9
e . A
) v \
20 40
Capacity (TPD)
o
Figure 10 Payback Period
o
(X
=
b .
.
r:'.'
=
. -
g <
»{t"
p .
=
::f-'.
}.. [ ]
=
r’.;‘.'
o 47
’ . -
- K . . . LT e .' ':"“;‘. ..
BRSSP DAY A...-f-'“..e.c.d't..c‘:.‘xt SR L

80




CONCLUSTONS AND RECOMMENDATIONS

Waste is continning to be generated at a rate of approximately 3.0
1b/person/day. This relates to less than 20 TPD for the majority of Naval
bases. Landfill is the most common method utilized by the Navy for dis-
posal of this waste. Landfill operators are being required to meet tighter
restrictions as a result of the Resource Conservation and Recovery Act (RCRA)
and the Safe Drinking Water Act. Land area is also becoming more scarce and
thus less available for utilization as a landfill. Present landfill capacity
is being slowly consumed <o the point that it has been estimated that 457%
of all sites utilized by the Navy must be expanded or replaced within 7
years. Therefore a decisicx: must be made as to future solid waste disposal
methods. Thsi decision should be made well in advance of a pending crisis.
Waiting until all available sites have been fully utilized will mean that
there will be less time to research alternatives and select the most
appropriate means of Jdisnosal both from an economical and envirommental stand-

point.

One viable alternative is to incinerate the Navy's solid waste. Since the

RCTA requires all govermment agencies to employ the most efficient means of
disposal and to recover as many resources as is pratical, heat recovery should
be incorporated with incineration. There are several processes available to
convert refuse into a usable fuel. Unfortunately, most of these processes
requirz more than 200 TPD of refuse to be economicclly feasible. The ondy
form of refuse derived fuel (RDF) that is practical for systems smaller than

200 TPD is raw refuse.
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The Navy has cgnstructed and is operating several heat recovery
incineratiou (HRI) systems which utilize raw refuse as a fuel. Tests
have indicated that these systems cperate with a downtime calculated to be
approximately 487 and a steam production cost of $9.13/MBtu as compared
to a $8.00/MBtu production cost by conventional mears. If the downtime
could be reduced to 20%, it is estimated that production cests would be
$5.50/MBtu and the payback period would be 6.2 years.

The Navy plants tested meet stack emission enviromrental standards,
but the test on the HR:Y located at Mayport, Florida, indicated that fly
ash could produce a leachate whose lead and cadmium concentrations exceed the
40 CFR 261.24 standards. This test also showed that cyclone separators are
not the best means of particulate removal because the particles being
enitted are smaller than the lower limit of 20 to 30 um for effective
removal using these control methods.

The Navy shculd continue to research the uiili.ation of RDF. With
information presently available, raw refuse is the only form of refuse
derived fuel that is praciical for plants smaller then 200 TPD. Since
most Navy bases generate less than this, the research emphasis should
continue to be on small plants. More research should be conducted on the
practicality and potential success of voluntary presorting of refuse before
it reaches the disposal site. If this proves to be wecrhkable, heat countent

could be increased, moisture content could be decreased, and the chanres

of slagging and clinkering minimized. <.
®

Electrostotic precipitators should be utilized for air particulate
control. They provide the most efficient means of ramoval for the small :}
particles enceuntered. More research rceds to be done on pocsible ways of -
|
Lo |

LV L.




controlling lead and cadmium levels prevalent in fly ash and bottom ash.
If the major contributorc to these contaminants could be isolated,
potential reduction could result.

HRI systems utilizing raw refusé and modular incineration are econom-
ically feasible and can have reasonable payback periods. The reliability,
maintainability, and availability tests on the Maypcrt HRI should be

repeated in another year or so to determine what affect the lack of

° operational experience, design problems, and start-up had on the original
test results.
The author feels that the modular incineration of raw refuse with the

'

. proper amount of pre-processing has potential both as an alternate evergy
source and as an alternetive to disposal by landfill. Problem area in
operatipg plants should continue to be isolated and corrected and then

® monitored to determine the success of the repair. If a problem continues
to arise, possible charges in operating procedures should be considered.
p The results of these changes should be well documenied in an effort to
gain operational experience and an insight into required design changes.
.-
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Public Works Centers
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rec (33 yezrs ' 16.3%
e $16,977,181.37
nt in se in fuel chorge over

three (3) vezrs 404.4%
ncrease is calculated over last two years instead of three

o
IU AR |

-te (F €Y 1 ¢t O

T 0

bo g vy ao Ryt o

[ 22K e BN oA

1% ]

*Percent
IV Rermarks: FY 78 Data not available

® “hat type cf sycsten is employed for electric power generation ?
(i.e., steam turdbine, diesel generator, etc.)

Yhat type of fuel is utilized ?

"Mat is the heat rate, Btu/IWH ?
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COST OF PRODUCING STLAM
I Steam Requirements for FY 81:
® Average pressure required (psi) 125 psig
Average temperature required (OF) 353
Steam produced (1bm) Ist Qtr 40,113,000 -
2nd Qtr 44,523,000 ~ -
3rd Qtr 41,985,000 - SEE NOTE 1
® 4th Qtr 38,404,000 - .
! Anticipated percent growth (+) or
: decreases (-) in steam requirements —0-
: over next five years
11 Cost of producing steam for FY 81:
Operational Costs-
Labor Costs $ 348,884
Fuel Costs $2,517,426
Increase in fuel cost over
last three (3) years 176%
Material Cost $ 16,656
Maintenance Costs-
Labor Costs $ 120,000
Material Costs $ 30,000 SEE NOTE 2
Any Additional Costs-
Labor Costs
Material Costs $1,125,700 SEE NOTE 3
12 MUSE Boilers
Number of existing boilers (4 each on 3 trailers)
Average lbm/hr rating of existing boilers 6,500
Average age of existing boilers N/A
Average economic life of existing boilers N/A
Average replacement cost of existing boilers N/A .
-
Average cost of boiler technicians ($/hr) $25 »
111 Remarks: <
What type of fuel is utilized? Diesel 0il L
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NOTES:

1.

These are calculated values of steam produced based upon the total amount of
fuel consumed by the temperary Mobile Utility Support Equipment (MUSE) boilers
that were assumed to operate at 72% efficiency. MUSE boilers are being used to
provide steam during the period the existing boilers arc being replaced by
MILCON P-416. The final installation will have three (3) 40,000 lbm/hr boilers
(one standby) and the installation should be in operation in mid September 1982,
af ter which more accurate data should become available.

The temporary MUSE boilers required more maintenance and repairs than what the
permanent boilers normally would have required. Therefcre, the costs shown
are estimated values.

This cost consists of $120,500 for electricity and $1,005,200 for demineralized
boiler feed water that were provided for the MUSE boilers. Demineralizers
were provided by MILCON P-416 to furnish demineralized feed water for the

new boilers.
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u ] Tren) aveunt of refure oollested (f13) vy £y 15,241,500 ‘
= Teted weisht of refuze collected (1urm) FY 81 58,546 tons
e
o Yoicture content of refuse 1. (Stt ATTACHED SKEET)
. . Cimrzesition of refuce by rpercent-
X Metzd 2. _{SEE ATTACHED SHHET)
o Peper
o Plastic
N Leather and
- Rubder
Textiles

Food Waste
Yard Waste
Glass
!iscellaneous

. X] Refuse Collection:

Co of collection-

et
If by contract cost of contiract . 2. (SEE ATTACHEDA§E£ET)
Ir

) accemplished by in~house personnel
. Labor Costs

Vaterial Costs —
Transportatica Costs
Miscellaneous Costs
Is refuse dbeing segregeted NO o

refuze is segrerated pleazse explain
vhat extent end for what purrose-

QY

o+ 14

II7 feluce Dicrosal:
Cort of dicrosal-
T TIf by contract ~ost of contract 3. (SEE ATTACHED SHEET)
If esccempliched ty in~house persennel
Lzbtor Costs
Matericl Costs S —
Trancoortation Cestis
tiiccellaneous Ceocsts
Wnot ds redtad of 2icpcsnl- Sanitary landfidd
IV Remarkeo: AS

LR




REFUSE COLLECTION AND DISPOSAL

1. Moisture content of refuse - No moisture content of the refuse
generated by Naval activities 1s currently available. However, in 1976,
Engineering Science, Incorporated prepared a report for the NAVY at PEARL
HARBOR based on a 3-day sampling of mixed refuse generated at Pearl Harbor
Naval Base, Barbers Poirnt heval Air Station and Kaneohe Marine Corps Air
Station. It reported 78%, 92% (industrial/commercial waste only), and

76% combustible material from those areas, respectively.

2. Composition of refuse - No detailed breakdown of refuse components
{s available. It 1s assumed that this information is nzeded to calculate
the percent of combustible material, which 1s provided abcve. However,
if a detailed breakdown is desired, the results of a June, 1564 study on

refuse generated in Honolulu can be used. See the attached Solid Waste
Composition table.

3. The refuse generated by Naval Shore activities on Oahu, Hawaii is
collected and disposed of by both in-house forces (PWC PEARL) and by con-
tract with private contractors. Five separate private contractors are
currently taing utilized to pick up and dispose of Navy refuse from
various geographical zreas on Oahu. The scattered and varied record-
keeping systems preclude the collection of accurate and detailed data.
The only availabie data is the total cost incurrea to the NAVY for col-
lection and disposal of its refuse. This amount is $2,475,000 for the
collection and disposal of 15,241,500 cu. ft. of refuse for the past year.
These figures include the refuse collected {in-house.

Unfortunately, no cost breakdown for labor, transportation, etc.,
{s available.
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q 1. COMPONENT 7 DATE

FY 19___MiLITARY CONSTRUCTION PRG.: CT DATA

J.INSTALLATION AND LOCATION

4 PROJECT TITLE 5. PROJECT NUMEER

REFUSE CALCULATIONS, TOTAL NAVY, OAHU

Assumptions:

1. 3.5 1b/capita-day refuse generation*

2. 3 person/housing unit
3. 150#/yd3 normal, non-compacted refuse density*
4. 300#/yd3 bulk refuse density (also PWC pickup-industrial)

*Based on Studies by the Institute feor Solid Wastes of American Public
Works Associatisn. Adjusied for local conditions.

I. IN-HOUSE COLLECTION (FY-81)
30,986 tous collected and disposed of @ $£.75/ton
=$271,128 disposal only cost.
Total in-house cost = $1,559,174
Disposal cost = $ 271,128
Labor cost = $1,288,046
30,986 Tons = 205,570 yd3
IT. CONTRACT COLLECTION/DISPOSAL
A. Kamakani Services
Amount = 2600 family units X 3.5#/cap-day X 3 pers/unit
X 365 days/yr = 4,982 Tons = 66,430 yd3
Cost = $156,456.
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1. COMPONENT 2. DATE

FY 19___MILITARY CONSTRpCfION PROJECT DATA

P

J.INSTALLATION AND LOCATION

4. PROJECT TITLE 5 PROJECT NUMBER

B. Bay Cities Disposal Co. (Lots 4 & 5).
Amount = (6,900 yd3 + 37 Tons Bulk)/month
= 82,800 + 2,960 = 85,760 yd3/yr.
Cost = $243,716
C. Kane's Refuse (Lots 1 & 3)

Amount = (11,400 yd3 + 56 Tons Bulk)/month
= 136,800 + 4,480 = 141,280 yd3/yr.
Cost = $326,598

D. Honolulu Disposal (Lot 6)

" Amount = (2,300 yd3 + 11 Tons Bulk)/month
= 27,600 yd3 + 880 yd3 = 28,480 yd3/yr.
Cost = $109,075

E. The Refuse Inc. (Lot 2)

Amount = 2900 yd3 + 15 Tons/month =
34,800 + 1200 = 36,000 yd3/yr.
Cost =

$79,9¢80.

SUMMARY

Total Amount Collected (Yr.) = 564,500 yd3
Total Cost (Yr ) = $2,475,000.
Total Amount Collected (Yr.) in Weight = 58,546 Tcns.

$/N 0102 ( F 001 291

) FORM = PREVIOUS EDITIONS MAY Bt USFD INTE RNALLY .
51 oecre oole UNTIL €2t AUSTED PAGE NO.
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i ¢ Public Works Center Pennascola, Fla.
. COST OF OBTAINING ELECTRIC POWER
® .
I Power Requirements for FY 81:
2 Highest Peak Load FY 81 (KW) 29,200
3 Average Peak Load FY B1 (KW) 1ist Otr 24,500
@® 2nd Qtr 20,700
; 3rd Qtr 25,700
. Lth Qtr 26,800
o
¥ Average load FY 81 (KW) 1st Qtr 16,387
P 2nd Qtr 13,723
3rd Qtr 16,013
bth Qtr 18,457
Total Power Generated (KWH) 1st Qtr 19,421,600
2nd Qtr 13,177,000
3rd Qtr 14,997 000
hth Qtr 21,370,000
Total Power Purchased (KWH) 1st Qtr 1€,204,800
‘ 2nd Qtr 10,464,000
3rd Qtr 20,280,800
Lth Qtr 19,382,400

Anticipated growth (+) or decrease (-)
in power requiremen“s over next five
years

II Cost of Geuerating Electric Power for FY 81:

Operational Costs-

Labor Costs 429,097
Fuel Costs 2,042 410
Percent increase in fuel cost over
last three (3) years 517
Material Costs 15,011
Maintenance Costs=- o
Labor Costs 106,909 .
Material Costs : 56,587 L)

Any Additional Costs-

Labor Costs
Material Costs 1,164,841
®
N
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Number of existing generators . 3

Average KW rating of existing generators 9,000
Average age of existing generators - 38
Average economic life of existing generators 40

Average replacement costs of existing .
generators S5 million

Average cost of power electricians ($/hr)

III Cost of Purchasing Electric Power for FY 81:

. FY'80 FY'
Cost per KWH 44.3765 36.6074
Percent increase in rate over last 33.54
three (3) years 32% 5.00 2.9
Demand charge 5.00 .00178 .0092
Percent increase in demand rate over
last three (3) years 687
Fuel charge .00325
Perceat increase in fuel charge over
last three (3) years -35%

IV Remarks:

What type of system is employed for electric power generation ?
(1.e., stean turbine, diesel generator, etc,) Steam Turbine

What type of fuel is utilized ? Natural Gas and F.O. #4

What is the heat rate, 3tu/XWH ? 10.

All




COST OF PRODUCING STEAM

I Steam Requirements for FY 81:
Average pressure required (psi)
Average temperature required (°F)

Steam produced (1lbtm) 1st Qtr
2nd Qtr
3rd Qtr
bth Qtr

Anticipated percont growth (+) or
decrease (~) in cteam requirements
over next five years
I1 Cost of producing steam for FY B1:
Operational Costs-
Labor Costs
Fuel Costs
Increase in fuel cost over
last three (3) rears
Material Costs
Maintenance Coste-

Labtor Costs
Material Costs

* Any Additional Costs-
Labor Costs
Material Costs
Humber of existing boilers
Average ldm/hr rating of existing boilers

Average age of existing boilers

Average eccnomic life of existing boilers

Average cost of boiler technicians ($/hr)

III Remarks:

Al2

620

820

535,241

551,188

543,738

206,30/

+10

556,175

6,109,840

332,539

184,990

128,248

- 2,897,132

3

157

24 years

40 years

UL A PN

Average replacenent cost of eristing heilers

4 million

What type of fuel is utilized ? Natural gas and F.O0. #4

.....




,;-~ REFUSE COLLECTION AND DISPOSAL

I Refuse Characterization:

Total amount of refuse collected (£t3) FY 81 537,045 cY

Total weight of refuse collected (1bm) FY 81 Not Determined

11)
Moisture content of refuse !

Composition of refuse by percent=-

Metal
Paper [ "
Plastic " "
Leather and :
Rubber " "
Textiles " !
wood [1] 1"t
Food Waste " "
Yard Waste " "
Glass " v
Miscellaneous " "
II Refuse Collection: .
Cos%t of collection-
If by ccntract cost of contiract $430,955.30
If accomplished by in-house personnel
Labor Costs -
Material Costs -
Transportation Costs -
Miscellaneous Costs -
Is refuse being segregated No

If refuse is segregated please explain
to what extent and for what purpose-

IIT Re’use Disposal:

Cost of disposal-

If by contract zost of contract Included above
If accomplished by in-house personnel
Labor Costs -

Material Costs -
Transportation Costs
Miscellaneous Costs

what 18 method of 4fsposal= Crunty Landfill

IV Remarks:

Al3




= Public Works Center San Francisco

- COST OF OBTAINING ELECTRIC POWER

NAS ALAMEDA
n ® I Pover Requirements for FY 81:
OO Highest Peak Loasd FY 81 (KW) 23,200
Average Peak Load FY 81 (KW) 1st Qtr 21,333
2nd Qtr 21,600
3rd Qtr 22,133
Lth Qtr 21,867
Average Load FY 81 (KW) 1st Qtr 14,000
2nd Qtr 15,800
3rd Qtr 14,800
Lth Qtr 15,300
Total Powor Generated (KWH) 1st Qtr N/A
2nd Qtr
3rd Qtr
Lth Qtr
Total Power Purchased (KWH) 1st Qtr 27,480,000
. 2nd Qtr 27,096,000
3rd Qtr 26,208,000
hth Qtr 28,608,000
Anticipated growth (+) or decrease (-)
in power requirements over next five
years +10%
II Cost of Generating Electric Power for FY 81:
Cperational Costs=-
Labor Costs N/A
Fuel Costs

Percent increase in fuel cost over
last three (3) years
Material Costs

Maintenance Costs-
Labor Costs
Yaterial Costs

Any Additional Costs-
Labor Costs
Material Costs

Al4
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Number of existﬁng generators

}ﬁj Average KW rating of existing generators

Average age of existing generators

Average economic life of existing generators

Average replacement costs of existing ‘
generators

Average cost of power electriciens ($/hr)

III Cost of Purchasing Electric Power for FY 81:

Cost per KWH $.052[KWH

Percent increase in rate over last

three (3) years 667

Demand charge $7,800 for Ist 4,000KW,$2.00/KW for
Percent increase in demand rate over balance
last three (3) years 327,

Fuel charge $.0343/KWH

Percent increase in fuel charge over

last three (3) years 156%

IV Remearks:

What type of system is employed for electric power generation ? N/A
(i.e., stean turbine, diesel generator, etc.)

What type of fuel is utilized ? N/A

What is the heat rate, Btu/XKWH ? N/A
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COST OF PRODUCING STEAM
NAS ALAMEDA, Bldg. 10
® I Steam Requirements for FY 81:
Average pressure required (psi) 100
[¢]
Average temperature required (°F) 338°F
6
Steam produced (1lbm) 1st Qtr 164.5 x 10
' 2nd Qtr I91.5 x 100
3rd Qtr 207.1 x 10°
"~ bth Qtr 122.8 x 10°
Anticipated percent growth (+) or
decrease (-) in steam requirements
over next five years +107
II Cost of producing steam for FY 81:
Operational Costs-
Labor Costs $476,500
Fuel Costs $&.54/Million Btu's
Increase in fuel cost over
last three (3) years 77%
Material Costs $50,800
Maintenance Costs- ’
Labor Costs $72,400
Material Costs 210,275
Any Additional Costs-
Labor Costs — N/A
Yaterial Costs
Humter of existing roilers 4
Average lbm/hr rating of existing Yoilers 1€0,000 1b/hr each
Average age of existing boilers 2-9 years, 2-38 years
Average eccnomic life cf existing boilers 25 years
Averapge replacenent cost of existing boilers “__fl'ljéipoo
$24.83/hr

Average cost of toiler technicians ($/hr)

111 Remarks:

What tyre of fuel is utilized ? Primary fuel- natural gas
Standby fuel- fuel oil No.2
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REFUSE COLLECTION AND DISPOSAL

I Refuse Characterization:

3
Total amount of refuse collected (}37) FY 81 697,469

Total weight of refuse collected (1ltm) FY 81 N/A

Yoisture content of refuse N/A

Composition of refuse by percent-

Metal N/A .
Paper
Plastic
Leather and
Rubber
Textiles
Wood
Food Waste
Yard Waste
Glass
Miscellaneous
II Refuse Collection: .
Cost of collection-
If by contract cost of contrect : §370,743 -
If accemplished by in-house personnel
Labor Costs 735,745 —
Material Costs 2,014
Transportation Costs 274,974
Miscellaneous Costs 60,857
Is refuse being segregeated No

If refuse is segregated vlease explain
to what extent and for what purpose-

IIT Reluse Disposal:

Cost of disposal-
If by contract cost of contract 208,437
If accomplished ty in-house personnel
Labor Costs
Material Costs
Transportation Costs
Miscellaneous Costs

What is method ot disposal- Reluse is placed in either large trailers
or compaction trrilers and havlied to the City Dump in San Lean-iro.

IV Remarks:
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COrT 3T QPTAININT TLTITHIC POUTE

I Power Rocuirezents for FY 81:

Q.

: Highest Peak Load FY 81 (Kw) 27,000
Average Peak Load FY 81 (KW) 1ist Qtr 15,300
: 2nd Qtr 17,300
3rd Otr 16,100
4th Qtr 24,200
Aversge Load FY 81 (KW) 1st Qtr 10,900
2nd Qtr ) 10,380
3rd Qtr 10,010
Lth Qtr 14,060
Totzl Power Generzted (XWi') 1st Qtr 4,571,305
2nd Qtr 3,512,945
3rd Qtr 3,224,139
Lth Qtr 6,182,169
Total Power Purchased (KWH) 1st Qtr 18,459,088
- 2nd Qtr 17,609,248
3rd Qtr 17,593,940
kth Qtr 23,405,416

Anticipated growth (+) or decrease (-)
in power rCequirements over next five

years +5%
11 Cost of Generating Electric Power for FY 81:

Operational Costs-
Labor Costs ‘ $150,009
Fuel Costs $1,688,898
Percent increase in fpel cost over .
last three (3) years ___+92%
Material Costs $50,145

Maintenance Costs- -
Labor Costs $117,487

€167,411

Vaterial Costs ~2 iy

Any Additional Costs-
Labor Costs 18,287
Material Costs a,741 _

'nclosurce (1)
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% oo ’ 2,500KWx2

R ad

fvarnme WW retinr of exicting penerazors 1,500KWx3
- Jverpre ope 0f existing generators 13 vears
- Averape economic lif:z of existing generators 25 vyears

Avercge replacement costs of existing
gencrators $2,944,000

Average cost of power electricians ($/hr) $9.65

III Cost of Purchasing Flectric Power for FY 81:

Cost per KWH : $3.07082
Per-ent increase in rate over last

three (3) years +66%
Demand charge $1,282,229
Percent increase in derand rate over

last three (3) years +60%
Fuel charge N/A
Percent increase in fuel charge over

last three (3) years N/A

IV Remarks:

What type of system is employed for electric nover generation ?
(i.e., steam turbine, diesel generator, etc.)

Diesel generators
Yhat type of fuel s utilized ?
| FS-1
What is the heat rate, Btu/KVH ?
10,725 BTU/KWH
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COGT OF PRIDUCING TTin

n ® I Stean Recuire-ments for FY 81:
Average pressure required (psi) 140
g Average temperature reouired (°F) : 361
r
Steam produced (1ltm) 1st Qtr 208,005,929
2nd Qtr 348,020,158
3rd Qtr 174,854,708
Lth Qtr 162,446,217
o Anticipated percent growth (+) or
decreese {~) in steam reguirerents
over next five years +6%
. II Cost of producing steam for FY 8i:
© Operational Costs- :
y Labor Costs . $ 494,061
Fuel Costs : SR.B24.,627
Increase in fuel cost over
g last three (3) yeers +70%
° Ma2terial Costs $32,980
iainterance Costs-
Lator Costcs $84,062
aterial Costs $29,800
Py Any fLéditional Costis-

. Labor Costs ~ $7,850
¥ateriel Cests - - $3,135
oot Contract work $26,500

Ny Number of existing boilers )

@ Averaze 1bm/hr rating of existing boilers 46,540
Averzge age ¢f existing boilers 7 years
R
o Average cccnozic life of existing boilers 20 years
:— = Averare replacenment coct of existing Yoilers $412,600
%;{ Averzse cost of boiler techniciens (&/hr) $9.65
N

o~
,\’ III Remarks:
- - Yhat type of fuel is utilized ?

0
.

o« 2
nol M
tai .
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RERUTL TOLLUCTION AND TITTOOAL
!

I Refuse Choracterization:

Total amount of refuse collected (ft2) Fy 8] 2,948,940

Total weight of refuse collected (1bz) FY 81 27,305,000 Lbs

Moisture content of refuse Unknown

Composition of refuse by percent-

Hetal 0.2
Paper 2.0
Plastic 1.5
Leather and
Rubber 1.5
Textiles 1.0
Wood 15.0
Food Waste 15.0
Yard Waste 15.0
Glass 10.0
Miscelleneous 38.8
IT Refuse Collection:
Cost of collection-
If by contract cost of contract $289,700
If eccomplished by in-house personnel (Includes cost of _
Labor Costs ‘transportation to City's
- Material Costs Landfill area.)
Transportation Costs
Miscellaneous Costs
Is refuse being segregated Yes

If refuse is segregatead please explain

to vhet extent and for what purpose- Segregation is done for
recycling purpose such

as paper, metal, and
aluminum.

I1I Reluse Disposal:

Cost of disposal-
- " If by contract cost of contract 'ree
If accomplished ty in-house personnel
Labor Costs
Materiel Costis
Transportetion Costs
Miscellaneous Costs

What is method of disposal~ Lanadfill

IV Remarks:
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viremente for FY f1.

Hirhest Peak leczd FY B1 (¥¥)

RO S A -l
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CoHTT OF CF 1% TITOTRIC TOVTR

o

fverage Peak Load FY 81 (KW) 1st Otr
2nd Qtr
, 3rd Qtr
e bth Qtr
Rl
b Average Load FY 81 (¥W) 1st Qtr
L e 2nd Qtr
- 3rd Qtr
fem o uth oor
iif:t Tctal Power Genersted (XWE) 1st Qtr
o _ 2rd Qtr
r‘\f;’. 3rd Qtr
e ] o - ktn Qtr
R Total Power Purchased (KWE) 1st Qtr
Jes 2nd Qtr
o ' 3rd Qtr
OO th Qir
®
e Anticinated growth (+) or decresse (-)
: in pow.r requiresents over next five
3 years
| II Cost of Generating Electric Power for FY 81:
.'.r:.
e Operational Costs-(Production)
o Lator Coss :
- Fuel Costs
s Percent increase in fuel cost over
L N lzst three (3) yeers
Ma+erial Costs
o Mairtenance Costs-(Production)
S Lavor Cos*s
- #zverial Cusis _
9. < :
o Any Additional Costs- ({(Distribution)
AR Labor Costs
L Material Cests
o
e
A

A2

Public Works Center Subic Bay, Philippines

. -
e,

55,000

(TOTALS FOR SUBIC/CUBI, SAN MIGUEL, TARLAC AND STA RITA)

49,665

40,665

32,330

51,000

34,790

32,190

36,100

34,270

22,983,300

(91 billing days)

12,768,000

(91 billing days)

17,833,600

(91 billing days)

13,975,900

(98 billing days)

53,156,100

57,355,200

61,399,700

66,484,700

+16,000

$409,573.00

$5,643,981.00

$349,060.00

$279,749,00

_$670,583.00

$369,875.00

$460,777.00
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number of exiziing fenerelcr:s . See attach (1)

Averare economic life of existing generaiors

Average rerplacement costs of existing
generators

Average cost of power electricians (¢/hr) 3.75

III Cost of Purchasing Electric Power for FY 81:

Cost per KWH $0.05824
Percemt increase in rate cver last 87.38%

three (3) yesrs

Dezand charge See note (1)
Percent increzse in demand rate over

lect three (3) yeers : 631.72%

Fuel charge $0.01239 per kwh
Percent increase in fuel charge over

lest three (3) years 105.4%

IV Remarks:

What type of system is employed for electric power generation ?
(i.e., steam turbine, diesel generator, etc.)

Diesel Generators
What type of fuel is utilized ?

For 6-4400 KW Nordberg units - NSFO
. All other units - DFM
What is the heat rate, Btu/KWg ?

NSFO - 147500

DFM - 136400 'A

NOTE: (1) NPC DEMAND CHARGE -
FY79 - First 1000 KW of billing demand @ P5.63 per KW 5;

Next Y000 KW of billing demand @ 3.38 per KW fj

All excess KW of billing demand @ 1.1} per KW -

FY81 -~ First 1000 KW of billing demand & F18.0C per KW [}

Next €000 KW of billing demand @ 1%.00 per KW -3

All excess KW of billing demand @ 20.10 per KW

FY79 Rate of Exchange - P7.376/$% f}
FY81 Rate ot Exchange — P8.05125/%

e
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A.

B.

SUBIC MAIN PLANT

ON-BASE GENERATORS

US;? Manufacturer Rated K Normal K¢ | Emeraency KW  Remarks
] Nordberg 4,400 3,700 4,000 A
2 Nordtarg 4,400 3,700 4,000 A
3 Nordberg 4,400 3,700 4,000 A
4 Nordberg 4,400 3,700 4,000 A
5 Nordberg 4,400 3,960 4,400

6 Nordberg 4,400 3,960 4,400

 subtotal 26,400 22,720 24,800 KW

SUBIC PEAKING PLANT

1 GM-EMD 2,000 1,800 - 2,000

2 GM-EMD 2,000 1,800 2,000

3 GM-EMD T~ 2,000 1,800 2,500

4 GM-EMD 2,000 1,800 2,000

5 GM-TMD 2,000 1,800 © 2,000

6 GM-EMD 2,000 1,800 2,000

7 GM-EMD 1,500 1,400 1,500 *
8 GM-EMD 2,500 2,500 2,500 *
9 GH-£3D 2,500 2,500 2,500 *

Subtotal 18,500 17,260 18,500
A4

Attachment (1)




C. CUBI MAIN PLANT

1E¢. Umit
Ond No. Manufacturer Pated Kd Hormal KW Emergency Kd  Remarks

- 1 Worthington 520 500 520
- 2 Worthington 520 500 " 520
3 Worthington 700 60Q 650
4 Morthington- 700 600 650
5 Horthinqton 600 5C0 52D

Subtotal 3,040 2,700 2,890 KW .

D. CUBT PEAKING PLANT

6 e 1,000 900 1,000 .

7 e 1,000 900 1,000

8 Enterprise 1,000 700 800 B

9 GM-EMD 1,500 1,400 1,500 *
10 GH-EMD 2,500 2,500 2,500 «
n GM-EXD 2,500 2,500 2,530 "?
. subtotal <. 9,500 8,900 9,300 - |

Creie /el Prga, 54,440 51,520 55,490 '

il

)
o
P
i
4
1
5
1
!

..................
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LS E. GRANDE ISLAND POWER PLANT

T
U:;. Manufacturer RATED KW NORMAL Kw EMERGENCY KW REMARKS
1 Fairbanks-Morse 96 96 96
2 Fairbanks-Morse 249 246 249
3 Fairbanks-Morse _249 246 _249

Subtotal 1,694 1,488 1,694

F. SAN MIGUEL PLANT

Ugé? Manufacturer RATED KW NORMAL Kw EMERGENCY KW REMARKS
t 1 Nordberg 675 600 650

2 Nordberg 675 600 650 A
3. —do- 675 600 650

4 -do-~ 675 6GO 650

5 -do~ 675 600 650

6 —do~- 675 60V 650

7 ~do- 675 600 650

8 —-do- 1,000 900 950
10 GM-EMD 750 600 600 B
11 ~do- _150 700 _150

Subtotal 7,225 6,400 6,850

G. TARLAC PLANT

1 Nordberg 500 Kw 400 450
2 -do- 500 400 450
3 ~-do- 500 400 450
4 -do- 500 400 450
5 -do- 500 400 450
6 ~do- 2,500 1,800 2,000
~do- 2,500 1,800 2,000
~do- 2t 1,800 2,000
Subtotal 10,000 7,400 8,250
A26
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N
N
. H. STA RITA PLANT
N
- UNIT
:',: NO. Manufacturer RATED KW NORMAL Kw EMERCENCY Kw REMARKS
A o 1 Nordberg 250 180 200
- 2 -do- 250 180 200
{% 3 General Motor 200 150 175
N
Subtotal 700 510 575

REMARKS :

A - Derated due to advanced number of running hours.

B - Derated due to undersized cooling system.

C - Obsolete/unreliable units.

* - MUSE

Age cannot be calculated since most of the units were transferred from
other commands.
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CCIT CF PRODUCING CTIAY

(FOR SUBIC/CUBI/SAN MIGUEL)

I Steem Recuirements for FY 81: (For steam plt/boiler over 3.5 MIL BTU/HR capacity)

Average pressure required (psi) 125 PS1
o
veraze temperature reguired (°F) 350" F
-

Steam produced (1lbzm) 1st Qtr _ 57544 MBTU
2nd Qtr 59281 ¥BTU
3rd 2tr 57925 MBTU
Lth Qtr €2637 MBTU

Anticipeted percent growth (+) eor
decrease (=) iz steam regquirements .
over next five years 25% Growth

II Cost of producing steem for F B81:

Operational Costs-

Labor Costs $85664.00

Fuel Costs ~ $1715921.00
Increase in fuel cost over

last three (3) yeers $0.41 to $0.88/Gal
Materizl Costs $29108.00

Maintenznce Costs-

Labor Cosis $80.00
l'2terial Costs $6289.00

Any Additional Costs— (Distribution)

Labor Cecsts (Operation & Maintenance) $110.00

Meterial Cozts (Operation & Maintenance) $1285.00
Interutility Transfer (Elec & Water) $374.108.00
Twurmber of existins teoilers 15

(Under PWC Plant Account)
tverage 1tm/hr roting of existins boilers 5893 Lbs/Hr
Avercce aze of existins toilers 20 Yrs

Averare eccncnic life of existing Yroilers

Aversre replarement cost of existing reilers

Averaze cost of toiler techrnicians (&/hr) $1.01/Hr

III Remarks:

What type of fuel is utilized ?

Navy Special Fuel 0il (NSFO No. 6), Heat Content = 147500 BTU/Gal

A28
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- (FOR SUBIC/CUBI)

-

tf I ek Penzlirementc Ty TY [_:(For Steam Plant/Boiler 750,000 to 3.5 MIL BTU/HR CAPACITY)
®

! Averare pressure rezuirel {rci) 40 PSI

.

"

- Averape tempersture reguired (°F) 286°F

. .

5 Cteam produced (1bc) €t Gtr 6600 MBTU

Qor 7187 MBIU
e 6958 MB1U

o
L N
 }

PLRY
1 2 # TR SN 2

Anticipeted percernt growih (+) cor
decrease (=) in steam requirements

over next five vears None

11 Cocst of rroducins cteam for FY B1:

Opereticrnzl Costis-
Lator Costc $26837.00

Fuel Costc $364277.00
Increese in T

fuel coc
last three () yeers - $0.45 to $1.23/Gal
Material Ccr:ic $9555.00
‘*zinterance Cre=r
Lavxsr Tostcs $49692.00
at

t"ateriel Ccrsue $52080.00

frz LAditicnsl Tcr*e- (Distribution)

Latror Ceeic (Operation & Maintenance) $40568.00
Materiel Cccii(Operation & Maintenance) $46652 .00 P
Interutility Transfer (Elec & Water) $11941.00
Lvmber of exictines ®oilers 6
- ‘verare 1% /Ry rotins of exictips bollers 2009 Lbs/Hr
iverzee are ¢ exiztinr boilers 20 Yrs

Lverz~c revlacze~ernt corst of exictins Wweilers
Evere~o cors =7 Ttoiler techricienz (H/uy) $1.01/Hr

12T Reomarke:
wret tvre cf Tuel

Dicsel fuel o0il (DFM No.

ha

zed ?

A2Y
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PUBLIC WORKS CENTER SAN DIECO
COST OF ORTAIRING EIFITTIC POVEIR

I Powver Requirements for FY 81:
Highest Peak Loed FY 81 (XW)

Averape Peak Lozd FY 81 (KW) 1ist Otr
. 2nd Qtr

3rd Qtr

kth Qtr

Average loed FY 81 (KW) 1st Qtr
2nd Qtr
3rd Qtr
Lth Qtr

Total Power Generated (KW:) 1st Qtr
2nd Qtr
3rd Qtr
4th Qtr

Tota) Power Purchased {KWH) 1st Qtr
2nd Qtr
3rd Qtr
hth Qtr

Anticipated growth (+) or decrease (=)
in power reqguirexent. over next five
vears

II Cost of Generating Electric Power for FY 81:

Operational Costs-
Labor Costs
Fuel Costs
Percent increase in fuel cost over
last three (3) years
Meterial Costs

‘"aintenance Costs~
Labvor Costs
Yaterial Costs -

Any Additional Costs=-
Lator Cosis
Meterial Costs

29795 Naval Station only

26246
26941
23760
27860

Not Available

- 59275000
£9801204
46234680
56812842

+10% Annual Growth

PWC does not generate electricity.

ENCLOSURE (I




o . Luzter ¢f existline pencretors

A . . -

Averere K¥W retinr of existing pencerators

Averere epe of existing renerators

Average econonic life of existing generators

Average replecenent costs of existing
generators

Average cost -of pover electricians ($/hr)

I1II Cost of Purchasing Electric Power for FY hl:

Cost per XKWH $ .0%1
- Percent increase in rate over last

- three (3) years 86%
Dexzand churge $7.67/Ku
Percent increase in derand rate over
lact three (3) years 95%
Fuel cherge $1.37
Percent increase in fuel charge over
last three (3) years A 9%

-

IY Remarks:

What type of systen is employed for electric powersgeneration ?
(i.e., steam turbine, diesel generator, etc.)

2

What type of fuel is utilized 7 N/A

WVhat is the heat rate, Btu/KWH ? N/A

A3l




COST OF PRODUCING STEAM

' e I Steam Reguirements for FY B1:

F Average pressure required fpsi) 150 psi

g Averuge temperature regquired (°F) 360°F

je Steam produced (1bm) " 1st Qtr 18059 MBTY N e

2nd Qtr 70932 V81U p‘{‘;ii

" 3rd Qtr 58075 M5TU Production *
5 Bth Qtr 38787 MB1U :

Anticipeted percenmu growth (+) or
: decrease (~) in steam requirements
- over next five vears 0

ITI Cost of producing steam for FY 81: (purchased) $11,901,183
Operational Costs-
Labor Costs Not available
Fuel Costs "

Increase in fuel cost over
last three (3) yetrs "
Materiaml Costs "

Maintenance Costs-
Labor Costs "
Meterial Costs W

Any fLdditionel Costs-
Labor Costs
Material Costs

K
1

Turmber of existing doilers

Averare lbm/hr rating of exicting boilers ! 4

Averege age of existing boilers

Averere econon:ic life of existing boilers

Averare replacezznt cost of exfsiiig beilers " !

Averare cost cf voiler technicians ($/hr)

III Remarks:

¥int type of fuecl is utilized 2 N/A (Purchased Steam - $8.00/MBTU)

TNCLOSURE (2}

A32
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FIsUCL COLLECTION AND DISPOSAL

I Refuse Cheracterization:

Total amount of refuse collected (ft3) FY 81

Total weight of refuse collected (1lbm) FY 81

Yoisture content of refuse

Composition of refuse by percent-

11 Refuse Collection:

Cost of collection-

Metal
Peper
Plastic
Leather and
Rubber
Textiles
Wood
Food Waste
Yard Waste
Glass
Miscellaneous

If by contract cost of contract

1f eccomplished by in-house personnel

s Labor Costs
Material Costs
Transportatic.: Costs
Miscelleneous Costs

Is refuse being segregated

If refuse is serregated please explein
to whet extert end for what purpose-

III Refuse Dispossal:

Cost of disposal-

If By contract cost of contract
If accomplished ty in-house personnel

Labor Costs
Materiel Costs
Trancporiation Costs
Miscelleneous Costs

Whet is method of dispcesal-

IV Remarks:

Landfill

A33
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600,000 Cubic Yards

290,000 Tons

Above Normal

6%

45%

5%

10%

192

10%

3%

o
el

3%

N/A

_$245,000
~§ 25000

$2€0,000

No

N/A

N/A

M/

LA

N/A
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:iﬁ . Public Works Center. Guam
95 CHOT GT 0V NI TTEATRIC POWEE
Ay
n e I Pewer Renuirezents for FY 81:
o Hirhest Peul Lozd FY 81 (¥V) 72,000
fﬁ? !verure Peol Load FY 81 (V') 1ist Otr 65,600
T 2nd Qtr 66,000
w € 3rd Otr 65,700
s ben ey 65,700
RN
T Average Load FY 81 (KW) lst Qtr 51,200
N 2nd Qtr 48,500
- 3rd Qtr 50,400
h @ kth Qtr 50,000
:?j Total Power Generetcd (KWE)  1st Qtr 12,500,000
‘f 2nd Qtr 48,—000,000
- 3rd Qtr 15,500,000
o bth Ger 7,450,000
Total Power Purchased (KWE) 1lst Qtr 110,737,460
2nd Qtr 104,708,850
3rd Qtr 109, 000,000
hth otr 107,460,230
® Anticipated growth (+) or decrease (-)
' in power recuirements over next five
years -1067%
o P I7 Cost of Generating Electric Power for FY 81:
Cperational Costs-
Lebor Costs 50,000
Fuel Costs 1,988,000
.. Fercert increase in fuel cost over
> last three (3) years 100%
s ‘aterial Costs 20,000

*aintenance Costse

Labvor Costs 200,200
Material Costs _ ) 300,000
T Any Additional Costs-

Labor Costis
Material Costs
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nunier o f eritline renerniore 5

. Avere~e 3 ractinr o7 exicting gerersuors 18,000 3
- . {
- Avern~¢ nre ¢ existinr rerneratecrs <4 Years “]
3 o Averzre economic life ¢f existing generatorc 30 Years A
= Averarc replucement costs of existine fi
" rencrators 7,000,000 o
-‘ . el
Averare cost of power eleciricians ($/hr) $10/Hr. S

S

g

I11I Cost ef Purchasing Electric Power for FY 81: : j

g

o

Cost per KWH $.12 o

Pércent increasce ir rate over last } ‘f

three (3) years 40% -

Demand cherge 110,000/Month -

Percent increase in demand rate over =

last three (3) vears -10% T

Fuel charge 1,37/Gallon [ J

Percent increase in fuel charge over X

last three (3) years 100% g

IV Remerks: ~

o

W?at type of system is employed for electric power generation ? N

(i.e., steam turbine, diesel generator, etc.) g

What type fuel is utilized ? Fuel oil. e

What is the heat rate, Btu/KWwH ? 10,000 :
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Pcsuirements fer FY 81:

1

te

A
~ —-—

Average pressure reguired (psi)
Averzre temperature recuired (OF)

lst
2nd
3rd
Lth

Steam produced (1bm)

Anticipated percent growth (+) or
decrease (=) in steem requirements
over next five years

II Coct of producing steam for FY 81:

Operational Costs-
Labor Costs
Fuel Costs
Increase in fuel cost cver
last three (3) yeers
Mzterial Costs

M“aintenance Costs-
Laber Costcs
'icteriael Costs

-

bed -

1

o 3
+
RS

Cce

Any Acéciti t
Labor C

Materiel Costs

~ o
~ =
~

Nurber of existing tcilers

tverare lhr/hr ratine of exicsting

werzre are ¢f existing boilers

Averare rccncemic life of existing

Averare revlacement ccost of exieti

Averare cost of Yoller techricians

IITI Rermarkes:

What type of fuel is utilized 2

A36

Qtr
Qtr
tr
Qtr

becilers

boilers

"o

-
928 ers

(o]

boi

($/nr)

164 PSIA

350°F

6

17 10

/.0 10°

18 x 10°

X
X
x
14,7 x 10°

222,706

§32,990

1007

3526

117,552

79,717

156,570

220,618

7

2,000

1 Year

25 Years

200,000

10/vr.

Disel Fuel.
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1 Refuce Chraracterization:

l. Tz1,21 amount of refuse ecllected (r13) Fy &1 510,268 c.v.
: Total weight of refuse collected (1bm) FY 81 unknown >
: Moisture content of refuse unknown
r,
l o Composition of refuse by percent- y
. Metal _ 5
iy Paper 20%
Plastic 7
- Leather and
= ° Rubber 2%
Textiles %
Wood 20%
Food Waste 20%
Yard Waste 20%
Glass 1%
". ' Miscellaneous 2%
IT Refuse Collection:
Cost of collection-
If by contract cost of contract N/A :
® If accomplished by in-house versonnel
R Labor Costs $885,589.00 ¥
. Material Costs * 2
Transnortatic* Costs ' * R
’iscellanecus Costs o
*Inc]uded in total as cost are based on c. y and consd11&ated !
o Is refuse being segregated No ~
If refuse is segregated please explain N
to vhat extent and for what purpose- “
]
; !
- G °
I1I Relfuse Disposal: _ :
Cost of disposal- A ; i
T 7 If by contrect cost cf contract N/ .

© If accorplished bty in-house personnel $212,995.00

Labor Costs

Material Costs

Trancportation Costs

Miscellaneous Costs * :

*Included in total as cost are based onC.y. and consolidated.
Whet ic method of disposal- EPA aporoved sanitary landfill

* k] #

Total Amount of rcfuce disposed of (ft3) FY81 535,189 c.v.
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APPENDIX B
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DATA ANALYSIS
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Mass and energv balance for Incinerator operation

1) Heat available:
Mpxhyp = B

HR = mass of refuse into system

h

¢R

= heat value of refuse

HR = total heat available

2) Required Air:

fo“k xm, = Ma

fo = weight fraction organics

Mk = mass of refuse into system

ma = 1b dry air reuqired per 1b organics

Ma = totsl mass dry air required .

3) Heat required:

a)

b)

Raisé ambient air temperature
Ma x hca x (Ts - Ta) = Ha

Ma = total mass air required
hca = specific heat of air

Ts = stack temperature

Ta = ambient temperature

Ha = heat required to raise air temperature to
stack temperature

Raise temperature of organics to stack temperat
foMR x hco x (Ts - Ti) = Ho

fo = weight fraction organics

()
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. HR = mass of refuse into system

hco = specific heat of organics

l ® Ts = stack temperature

. Ti = initial refuse temperature

; Ho = heat required to raise organic temperature to
i Y stack temperature

i c) Raise temperature of water vapor in air to stack temperature:
: faMa x he % (Ts - Ta) = Haw

- fa = 1b water entrained

'. 1b dry air

a)

; Ma = total mass dry air required

\,

.

ra

DAL A
e

hcw = gpecific heat of water vapor
Ts = stack temperature
Ta = ambient temperature

Haw = heat required to raise water vapor in air to stack
temperature :

d) Raise temperature of inorganics to disposal temperature:

ro M. X hep o x (Tss - Ti) = H i
ro = weight fraction inorganics 3
R
M, = mass of refuse into system :
%
hclo = disposal temperature i

Tss = disposal temperature

s A,

Ti = initial refuse temperature

HIo = heat required to raise inorganics to disposal

temperature l
e) Raise water to boiling temperature:

fwMRxhawx(Tb-Ti)=Hb

C2




£)

8)

h)

fw = weight fraction moisture content ¢f refuse

MR = mass of refuse into system

hew = specific heat of water

Tb = boiling temperature

Ti = initial refuse temperatufe

Hb = heat required to raise water to boiling temperature
Heat required to evaporate water:

fw MR x hv = Hv

fw = weight fraction moisture content of refuse

Mr = mass of refuse into system

hv = Jlatent heat of vaporization

Hv = heat required for vaporization

Raise temperature of water vapor to stack temperature:
fw M x hewv x (Ts ~ Tb) = Haw

fw = weight fraction moisture content of refuse

MR= mass of refuse into system

Hewv = specific heat of water vapor

Ts = stack temperature

Tb = boiling temperature

Haw = heat required to raise temperature of water
vapor to stack temperature

Evaporate formed water:

{ Ha + Ho + HIo + ¥b + Hv + Haw) x Mw x hv = Hv

mass H-0 formed - 1b 120 (22))

i 29 107 Bru

" Btu evaporation lost

Hv = heat required to cvaporate formed water

3
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1) Raise formed water vapor to stack temperature:

NN  SRPIRPLAIN SRS

{
(Ha+Ho+HIo+H‘b+Hv+Haw') Mw ]
1
x hcwv x (Ts~Tb) ¥ Haw'' ]
w Haw" = heat required to raise formed water vapor ]
- ° to stack temperature 1
: 5
§) Radiation Losses: ]
d
hra x HR = Hra !
hra = Btu radjation losses _ 0.15

Btu heat available
Hra = heat lost due to radiation

k) Total Heat Required:

P R Y W AR FYLYEN]

(Ha+no+Haw=H.Io+Hb+Hv+Haw'.+-Hv'+Haw"+Bra)-=HT

Hr = total heat required

o]
4
-
o
L
[

4) Net Heat Available:
Hp = Hp = B,y

HNT = net total heat available
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Parameter

---------------

Table C-1 Mass and Energy Balance Results

Moisture Content

272

2000 1bm
5050 Btu/lbm
10,100,000 Btu

0.64

12.58 1b dry air

1b organics
16,110 1bm
0.25 Btu/1b °F
1625°F
60°f
6,303,037.5 Btu
0.24 Btu/1b°F
60°F
480,768 Btu
0.0043
0.5 Btu/1b°F
54.775 Btu
.10
0.3 Btu/1b°F
1400°F
0.27
1 Btu/1b°F
212°F
82,080 stu

970 Btu/lbm

Cs5

e .‘.._"\'-

ke .‘vv-‘v'..v ..' ‘r\". .""T_\‘ ..r‘-'-.~ -

ARG wl oy

6,893,825 .

207
2000 1bm
5750 Btu/lbm

11,500,000 Btu

0.70

12.58 1b dry air

1b organics
17,620 1bm
0.25 Btu/1b °F
1625°F

60°F

0.24 Btu/1b°F
60°F

525,840 Btu
0.0043

0.5 Btu/1b°F

60,252.5 Btu

.10

0.3 Btu/1b°F
1400°F

0.20

1 Btu/1b°F
212°F

60,800 Etu

970 Btu I, 1k

.-_\‘_-\ AT '.\‘.\..\.‘:‘.‘-..'-‘."\.:_-



O
e
b
‘.'_4:. Parameter 27% 20%
o
e Hv 523,800 Btu 388,000 Btu
o
. Haw' _ 381,510 Btu 282,600 Btu
M 50 1b 1,0/10%¢u 50 1b H20/1068tu
: Bv' 383,459 Btu 402,148 Btu
¢
! Haw" 279,279 Btu 292,915 Btu
ER bra 0.15 0.15 1
2o
S Hra 1,515,000 Btu 1,725,000 Btu
@
! H’l‘ 10,084,108.5 Btu 10,711,780.5 Btu
e
g HNT 15,891.5 Btu 788,219.5 Btu
s
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ECONOMIC ANALYSIS
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1) Total Capital Cost:

V" PRSI,
o

a4
s

CT + CI = CTC

CT = Capital cost for transportation and transfer of solid waste

4 '.‘f-v‘-w’vs_ .
e " l‘ } L

CI + Capital cost for modular incineration system
CTc = Totalcapital cost
2) Annualized capital cost:

CTc x (A/P, 10%, 15) = CTA

(A/P, 10%Z, 15) = Capital-Recovery Factor with a 10% discount rate
and 15 year life expectancy of system = .1315 ( )

CTA = annualized Capital Cost (10 TPD = 32,940/yr)

3) Total Operating and Maintenance Cost:
Cor * Ggx =

operating and maintenance cost for transportation and
transfer of sulid waste

n

CMI operating and maintenance cost for modular incineration system
cM = total operating and maintenance cost
4) Total Annualized Cost:

Crat Cu = Cor

CTT= Total annualized cost

5) Steam Produced:

Y AT

Ms x M = Mst
Ms = mass of steam produced per ton of refuse
M = total tons of refuse processed

Mst = total mass of steam produced

c?
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&t 6) Annual Heat Production Rate:

j @ hy + ho days _ IMBtu _

E Mst x ( 7 ) x 365 yr * 10BBtu Hp

R .

Q: h, = enthalpy of steam at lowest obtainable pressure of 100 psig
ha = 1189, Btu/lbw

ho

enthalpy of steam at highest obtainable pressure of 280 psig
= 1202.63 Btu/lbm

HT = total annual heat production

7) Steam Production Cost:

CTT = CPS
Hy

Cps = steam production cost

8) AElectricity Produced:

Gr x U x 365 days = Gy
yr

Gr = KWH produced per ton of refuse processed. A range was given of
30-100 KWH per ton of refuse

Gy = total electricity generated

9) Electricity production cost;

€11 = opg

Gt

Cpg = electricity production cost
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BN Table C-2 Economic Analysis Results

rameter Plant Capacity (TPD)
10 20 40 _60_ 80
! (]
z Cr $500 $1000 $2000 $3000 $4000
g $250, 000 $500,000 $1,000,000  $1,500,000  $2,000,000
> Crc $250,000 $501,000 $1,002,000  $!,503,000  $2,004,000
. e (A/P,10%,15) .1315 .1315 .1315 .1315 .1315.
o CTA $32.940 $65,882 $131,763 $197,645 $263,526 |
T $25,000 $25,000 $25,000 $25,000 $25,000 :
Ef Cog $40,000 $80,000 $160,000 $225,000 $280,000 |
< Cy $65,000 $105,000 $185,000 $250,000 $305,000
Cop $97,940 $170, 882 $316,763 $447,645 $568,526
Ms 3700 lbm/ton 3700 1lbwm/ton 3700 lbm/ton 3790 lbm/ton 3700 lbm/ton
M 10 TPD 20 TPD 40TPD 60 TPD 80 TPD
Ms, 37,000 1bm/d 74,000 1bm/d 148,000 lbm/d 202,000 lbm/d 296,000 lbm/d
h, 1189.65 Btu/lbm 1189.65Btu/1bm1189.65Btu/lbm 1189.65Btu/1bm1189.65 Btu/lbm
h, 1202.63Btu/lbm 1202.63Btu/1bm1202.63Btu/lba 1202.63Btu/1bml202.63Btu/1bm
Hy 16.15x10°MBtu  32.3x103MBtu 64.6x10°MBtu  96.9x10%MBtu 129.2x10%MBtu
Cps $6.06/MBtu $5.29/MBtu  $4.90/MBtu  $4.62/MBtu  $4.40/MBtu
Gr 30-100KWH/ton  30-100KWH/ton 30-100KWH/ton 30-100KWH/ton 30-100KWH/ton 7
Gy(30 KWH/ton)  1.09x10°KWH  2.19x10°KWH 4.38x10°KWH  6.47x10°KWH  8.76x10°KvH
Gr(100KWH/ton) ~ 3.65x10°KWH  7.3x10°KWH  14.6x10°KWH  21.9x10°KMH  29.2x10°KWH
Cpp $0.78/KWH $0,78/KWH  $0.72/KWH $0.68/KWH  $0.65/KWH
c9
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1) Savings realized in production cost per MBtu;

! ¢ Cps' - fps Cps = ACps

i Cps' = conventional steam production cost

: fps = correction factor for system downtime

I * Cps = estimated production cost for RDF ininceration system

i ACps = difference between present cost and estimated RDF system cost
| @ 2)  Annual Saving:

ACps x Hy = SVa

.

SVa = annual savings

- -
L

< 3) Payback Period:
g = PB
3 Cre X sva

PB = payback period
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Parameter

Cps'

fps (10%
downtime )

fps (202
downtime )

Cps

ACps (107
downtime )

OCps (207
dovntime )

Hy

Sva (10%
downtime)

Sva (20%
downt ime )

Crc
PR (10%

dovntime )

PR (207
downtime )

Plant Capacity (TPD)

10 20 40 _60
$8/MBtu $8/MBtu $8/MBtu $8/MBtu
1.11 1.11 1.11 1.11
1.25 1.25 1.25 1.25
$6.06/MBtu $5.29/MBtu $4.90/MBtu  $4.62/MBtu
$1.27/MBtu $2.13/MBtu $2.56/MBtu  $2.87/MBtu
$0.42/MBtu '$1.39/MBtu $1.875/MBtu $2.225/MBtu

$16.15x10°  $32.3x10° $64.6x10°  $96.9x10°

MBtu MBtu MBtu MBtu
$20,510 $68,000 $165,376 $278,103
$6864 $44,900 $121,125 $215,600
$250,500 501,000 $1,002,000 $1,503,000
12.2 yrs 7.3 yrs 6.07 yrs 5.41 yrs
36.5 yrs . 11.2 yrs 8.27 yrs 6.97 yrs
cil
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Table C-3 Payback Period Calculation Results

80

$8/MBtu

1.11

1.25

$4.40/MBtu

$3.12/MBtu

$2.5/MBtu

$129.2x103

MBtu

$403,104

$323,000

$2,004,000

5.00 yrs

6.20 yrs
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