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�
	Solid waste can be utilized as a fuel to fire steam boilers.  Besides saving energy, incineration will reduce the volume of solid waste by 90 percent, resulting in substantial savings in disposal costs.;  A wide variety of solid waste energy systems can be implemented at the activity.  The three most common systems are: (1) modular waste heat incinerators, (2) field-erected, mass-fired systems, and (3) refuse-derived fuel (RDF) systems.  RDF systems utilize shredders, air classifiers, magnetic separators, and other equipment to process refuse into a homogenous fuel which can be efficiently burned; these systems are marginally economical even in large-scale metropolitan applications.  Field-erected, mass-fired systems have been successfully used for decades in Europe.  A description of mass-fired systems appears in option P4.





	The most suitable refuse-fired system for low-pressure steam applications at Navy installations is the modular waste heat incinerator (see illustration).  Startup costs are low because the modular units are shipped directly from the factory to the site.  Modular incinerators are generally installed alongside a prefabricated refuse-handling building.  The system operates as follows.  Refuse is dumped on the floor of the building and is pushed by a front-end loader into a hopper.  The refuse if then mechanically rammed into the primary combustion chamber of the incinerator.  Partial combustion occurs in the primary chamber and is completed by an auxiliary burner in the secondary chamber.  Relatively clear combustion gases are directed through a waste heat boiler where low-pressure steam is generated.





	General design information on modular refuse-fired heating plants appears in two NCEL publications:  TM 54-82-10 and CR 82.001.  A refuse-fired heating plant is generally designed to supplement an existing conventional heating plant.  The existing conventional plant is sized to provide the installation’s entire steam requirement (see options S1 through S3).  The refuse-fired plant is tied into the existing steam grid.  When the refuse-fired plant generates steam, the central heating plant can cut back on its usage of conventional fuel, thereby resulting in energy savings.  For maximum efficiency, the refuse-fired plant should operate on a 24-hour-a-day, 5-day-a-week schedule with a design steam generation rate that does not exceed the activity’s minimum demand.





FEASIBILITY REQUIREMENTS





�





BENEFITS/DETRIMENTS





	This plant has substantial benefits in reduced disposal requirements for solid waste and a free source of energy.  Detriments include: (1) relatively short operating experience with modular units, (2) questionable economics in comparison with conventional fuel systems, and (3) numerous operating and maintenance difficulties due to the heterogeneous nature of the fuel.





SURVEY DATA NEEDS





Annual tons of refuse generated at the activity





Heating value of refuse





Efficiency of central heating plant


Minimum recorded steam demand





Current disposal costs





PROCEDURE





1.	For a 5-day-a-week operation:





	Rate capacity of refuse-fired plant (tons per day or TPD) = (Annual tons of refuse / 260) x redundancy factor (1.5 to 2.0)





2.	Provide more than one modular incinerator in the plant.  For a plant with incinerators of equal size operating 24 hours a day:





	Rated capacity of each incinerator (tons per hour or TPH) = Rated capacity of plant (TPD)


	(No. of incinerator) x 24





3.	Annual refuse energy input (MBtu/yr) = Annual tons of refuse x Heating value of refuse (3,000 top 4,000 Btu/lb)





4.	Average steam generation (lb/hr) = Annual refuse energy input (MBtu/yr) x Efficiency (0.4 - 0.6) x (0.146)





5.	Conventional fuel savings (MBtu/yr) = Annual refuse energy input (MBtu/yr) x Refuse plant efficiency (0.4 to 0.6) / Convention plant efficiency (0.75 to 0.80)





GENERAL INFORMATION





Modular sizes available: 5.1 to 100 TPD (24 hour operation)


Startup cost:  $0.5 M to $1.0 M per ton per hour


Replacement cost:  Same as startup cost


Equipment life:  25 years


Skill level of personnel required: Skilled boiler plant operators, loader equipment operators, and maintenance personnel

















Level of development:





Basic research underway�
�
�
Prototype being tested�
�
�
Operational test and evaluation underway�
�
�
Approved for service�
�
�
Available on market�
(�
�



NATIONAL ENERGY SAVINGS (NES) (in Btu/yr)





� EMBED Equation  ���





ECONOMIC ANALYSIS EQUATION





� EMBED Equation.2  ���


where:





Econv = Annual conventional fuel cost savings





O&Mconv = Reduction in annual O&M costs at the conventional heating plant (due to reduced operations)





O&Mrefuse = Annual O&M costs at the refuse-fired heating plant





(D = Reduction in refuse disposal costs (due to refuse-fired heating plant operations)





SAMPLE CALCULATION





Assumptions�
�
�
Central heating plant is an oil-fired system.�
�
�
Efficiency of central heating plant�
75%�
�
Minimum recorded steam demand�
12,000 lb/hr�
�
Annual tons of refuse generated at the activity�
7,800 tons/year�
�
Heating value of refuse�
4,500 Btu/lb�
�
Refuse-fired plant efficiency�
45%�
�
Current landfilling cost�
$10.00/ton�
�
Startup cost�
$1.66 M�
�
O&Mconv�
$0.017 M/yr�
�
O&Mrefuse�
$0.275 M/yr�
�
D�
$0.0546 M/yr (7,800 tons/yr @ $10.00/ton) (0.70)�
�
Fuel saved�
No. 6 fuel oil�
�
Energy cost�
$4.14/MBtu�
�
Escalation rate�
8%�
�
Annual discount rate (R)�
10%�
�



Rate capacity of refuse-fired plant (tons per day or TPD) = (Annual tons of refuse / 260) x redundancy factor (1.5 to 2.0)





	= 7,800 x 1.66


	260





	= 49.8 TPD = 2.08 TPH





Rated capacity of each incinerator (tons per hour or TPH) = Rated capacity of plant (TPD)


	(No. of incinerator) x 24





	= 49.8


	2 x 24





	= 1.04 TPH





Annual refuse energy input (MBtu/yr) = Annual tons of refuse x Heating value of refuse (3,000 top 4,000 Btu/lb)





	= (7,800) (4,500) (0.002)





	= 70,200 MBtu/yr





Average steam generation (lb/hr) = Annual refuse energy input (MBtu/yr) x Efficiency (0.4 - 0.6) x (0.146)


	= (70,200) (0.45) (0.146)





	= 4,612 lb/hr (which is less than the minimum steam demand of 12,000 lb/hr)





CONVENTIONAL FUEL SAVINGS (MBtu/yr)





= Annual refuse energy input (MBtu/yr) x Refuse plant efficiency / Convention plant efficiency





	= (70,200) x 0.45


	0.75





	=42,120 MBtu/yr





NES (MBtu/yr)





	= 42,120 MBtu/yr





FUEL COST SAVINGS ($ / yr)





	= 42,120 MBtu/yr x $4.14 / MBtu





	=$0.174 M/yr





SIR =





� EMBED Equation  ���


�
�
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