Waste-To-Energy Projects
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TECHNOLOGY





	Waste-to-energy technology involves converting various elements of municipal solid waste such as paper, plastics, and woods to generate energy by either thermochemical or biochemical processes.  The thermochemical techniques consist of combustion, gasification, and pyrolysis that produce high heat in fast reaction times.  The biochemical processes consist of anaerobic digestion, hydrolysis, and fermentation using enzymes that produce low heat in slow reaction times.  Figure 1 illustrates many potential output energy technologies and the products that result from those processes.





Application of Waste-to-Energy Technology





	Before considering any application of the waste-to-energy technologies, a comprehensive municipal solid waste management strategy must be developed.  The most common application of waste to-energy technology is combustion: the burning of municipal solid waste to produce steam for heating or to generate electricity.  A schematic engineering diagram depicting the combustion process is shown in Figure 2.  The combustion method (1) captures heat energy by generating steam that can be used for space heating, and (2) provides process heat for industrial operations or electricity generation.





There are several types of combustion technology.  The options are:





Mass burn.  A mass burn waste combustor has a single combustion chamber with an on-site energy-recovery mechanism.  While an incinerator alone is not classified as a waste-to-energy technology, by attaching an additional heat recovery unit it can be considered as waste-to-energy technology.





Modular.  A modular waste combustor has a two- (or more) stage combustion unit and an energy-recovery unit.  They are pre-fabricated and field erected for site construction.





Refuse-derived fuel.  A refuse-derived fuel system is an energy facility with extensive front-and processing


used to pretreat waste.  Such a system has a dedicated boiler for combusting prepared fuel.





Eight DoD  installations have modular  waste-to-energy facilities.  Table 1 shows their capacity, the type of  combustion technology used, the type of energy produced, and the startup year.








	Outside of DoD, there are about 200 waste-to-energy facilities in the United States.  Since 1980, the growth of those facilities has been dramatic.  The technologies are advancing rapidly.  Increasing public environmental concern over sanitary landfills and a legislative mandate (i.e., PURPA) have created a social condition where it is economically feasible to offset plant construction and O&M costs from the savings earned from cost reductions for refuse disposal and the revenues incurred from generating energy.  Increased public concern has forced the creation of tougher and more expensive environmental regulations on construction and the operation of landfills.  The PURPA mandated that utilities companies buy the electricity generated by waste-to-energy plants.








SOLID WASTE MANAGEMENT





	The economic feasibility of a waste-to-energy plant depends on the volumes of waste generated and its waste management costs.  The waste-management cycle consists of collection, transportation, and disposal of the waste.  The disposal method is pivotal since it influences how waste is collected and how far it must be transported.  The costs of waste management can be substantial, in excess of millions of dollars per year for many Navy bases.





	There  are  three  waste  disposal  options:  (1)  landfilling, (2)	converting the waste to usable�
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Figure � SEQ Figure \* ARABIC �1�:  Waste-To-Energy Technology Options
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Figure � SEQ Figure \* ARABIC �2�:  Schematic Diagram For A Typical Energy Cycle




















TABLE  1:  DoD  WASTE-TO-ENERGY  PLANTS


�
�
Service�
Installation, state�
Capacity 


(tons per day)


�
Combustion technology�
Startup year�
�
Navy�
Mayport, Florida�
50�
Modular�
1979�
�
Navy�
Norfolk, Virginia�
360�
Modular�
1990�
�
Air Force�
Shemya, Alaska�
20�
Modular�
1970s�
�
Army�
Aberdeen, Maryland�
360 & 125�
Modular�
1988/1992�
�
Army�
Ft. Leonard Wood, Missouri�
75�
Modular�
1982�
�
Army�
Ft. Dix, New Jersey�
80�
Modular�
1986�
�
Army�
Ft. Eustis, Virginia�
40�
Modular�
1981�
�
Army�
Ft. Lewis, Washington�
120�
Modular�
1990�
�



Note:  Aberdeen runs two separate waste-to-energy plants.�
�



�
material through recycling, and  (3) converting waste into energy.  For most DoD installations, the landfilling option is still the most economical way to dispose of waste.  In many parts of the United States, tipping fees are still relatively low and the distances to disposal sites are within reasonable ranges.  Also, since there is no viable market for recycled waste materials except for aluminum, it does not make economic sense to establish a recycling program.  Recycling programs must generate enough revenue to at least offset the additional refuse collection costs.





	A waste-to-energy plant is an excellent alternative to developing a solid waste disposal plant if the landfill option becomes too expensive.  A waste-to-energy plant can reduce the volume of waste by as much as 90 percent.  If there is a rapid increase in refuse disposal costs to a point at which it is no longer cost effective to continue off-site landfilling, waste-to-energy application should be considered.  By reducing the waste volume down to only 10 percent of the original volume, bases can save 90 percent of the disposal costs.





	To operate a waste-to-energy plant properly, bases must establish an effective waste management program that must consider recycling issues.  Waste must be sorted, ;analyzed for its Btu heat content, and its flow of volume must be sufficiently steady to meet the plant's design criteria - before it is fed into the combustion chamber.  A recycling program can become part of the waste sorting strategy.





Waste Stream Analysis





	Over 70 percent of municipal solid waste consists of organic materials such as paper, food wastes, yard wastes, and plastic that have Btu combustion values.  Table 2 shows the energy values for each waste element.  Figure 3 shows the composition of the municipal waste stream.








	The composition of the waste can shift with seasonal variations and unique local conditions over a period of time.  For example, the proportion of paper and. paperboard has grown from 32 percent in 1970 to 40 percent by 1988.  An important initial check to make before conducting a waste-to-energy plant feasibility study is to complete an analysis of the composition and volume of the current waste stream and to forecast future trends.  A commonly accepted industry "rule of thumb," which uses existing data, calls for the generation of at least 50 tons of waste per day to economically justify the development of a new plant.  It takes a population of about 50,000 people to produce 100 tons of waste per day.  On the basis of this estimate, a base population of at least 25,000 is needed before a waste-to-energy facility can be economically feasible.
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Figure � SEQ Figure \* ARABIC �3�:  Composition Of The Municipal Waste Stream (By Weight)








TABLE 2:  ENERGY VALUE INDEX (million Btus per ton)


�
�
Waste element�
Energy supplied if burned�
Energy for virgin manufacture


�
Energy for 


recycle


manufacture�
Energy


saved if recycled�
�
Newsprint�
8�
27�
22�
5�
�
Corrugated paper�
7�
17�
17�
0�
�
Tissue paper�
8�
12�
14�
-2�
�
Aluminum�
0�
100�
5�
95�
�
Steel�
0�
48�
23�
25�
�
Glass�
0�
10�
7�
3�
�



Source: 'Energy from Municipal Waste  Program  -  Program  Plan,'  Office of Industrial Technologies, Office of the Assistant Secretary for Conservation and Renewable Energy, U.S. Department of Energy, May 5, 1992, p. 12�
�



�



Regional Waste Management





	In most cases, Navy bases do not generate enough waste to make construction of a waste-to-energy plant an economically viable option.  Most Navy bases must team up with the local municipalities to generate enough waste.  Although the benefits of such cooperation can be many, negotiating a waste-management arrangement with the local government can be very tedious and controversial.  Major Claimant counterparts and the installation's commander should be consulted to assess their related policies.





ECONOMIC AND FINANCIAL ANALYSES





	The financial attractiveness of a waste-to-energy facility hinges on many factors.  Those factors include, local landfill tipping fees, trash transportation costs, construction and operations costs of the plant, purchase price of produced energy, recycling revenues, and interest rates.  Figure 4 compares these factors to cost savings factors.








Landfill Tipping Fee and Transportation Cost





	Since 1982, the average landfill tipping fee in the United States rose from $12 per ton to $46 per ton in 1990.  In some states with high population density (e.g., New Jersey), the average tipping fee ranges from $100 to $150 per ton.  Most bases contract out refuse collection and disposal services.  The energy manager should get a copy of the service contracts to perform economic and financial analyses.





	For most bases, a refuse contract includes the transportation cost unless the base is using in-house capabilities to collect the trash.  Refuse collection and disposal contracts are kept either by the base


contracting office or by the public works department.





Construction and Operations Cost





	The design criteria will ultimately drive the costs of both the construction and operation of a waste-to-energy plant.  The design criteria must consider unique base-specific waste stream analyses.  The energy manager should select a plant operation that will maximize the waste characteristics of the base.  Energy managers should consult with Major Claimant counterparts and contact local vendors to obtain data for cost estimation.





Energy Generated from Waste





	Under the PURPA, utilities companies are required to buy the energy generated from a waste-to-energy plant.  The purchase price and conditions for sale should be negotiated.  The prevailing market conditions will determine the utilities rate.





	The energy generated from a waste-to-energy plant could be used to supplement existing base energy needs.  Steam produced from the plant can provide hot water or it can generate electricity.  By generating a portion of their energy, bases can earn savings from their utilities budgets, savings which otherwise would have been spent to purchase that energy.





Recycling  Revenue





	Most waste-to-energy plants require some method of front-end waste handling to ensure that only combustible materials are fed to a combustion chamber.  Waste handling can by accomplished by presorting the waste either manually, mechanically, or a combination of both techniques.





	Manually presorting waste can be integrated into the trash collection process.  Several different trash bins can be provided to collect separated waste (e.g., aluminum, paper, and/or glass).  Base personnel must �
�


Figure � SEQ Figure \* ARABIC �4�:  Balancing Financial Factors Affecting The Feasibility Of A Waste-To-Energy Plant








�
be trained to separate their trash for disposal.  Although this additional sorting effort requires some expense, recycling revenues can cover marginal increases in the waste collection costs.





Interest Rate





	Under the MILCON program or ECIP, construction of a waste-to-energy plant must be economically feasible.  Current interest rates can determine that economic feasibility since construction requires a substantial initial capital investment.  The higher the interest rate, the less attractive it is to invest.





	Also, a waste-to-energy plant can be a good candidate for SES projects.  For an SES project to be financially attractive, the private sector must have enough cash flow to cover interest rates on the initial capital investment.





ENVIRONMENTAL CONSIDERATIONS





	Although reducing the volume of trash needing to go to the landfill appears to have many positive environmental benefits, thorough environmental analyses and planning must be accomplished before considering construction of a waste-to-energy plant.





Environmental Assessment





	The National Environmental Policy Act (NEPA) requires preparation of an environmental assessment (EA) or environmental impact statement (EIS) as a part of the planning process before construction of a waste-to-energy plant.  Energy managers should consult with the environmental coordinator to learn how to prepare an EA or EIS.





Environmental Permit





	The combustion of municipal solid waste produces an organic ash and airborne gases.  The disposal of the ash is regulated under the Resource Conservation and Recovery Act (RCRA) and the emission gases are regulated under the Clean Air Act.  Depending on the types of feed material, the burnt ash can be classified as hazardous waste.  A careful waste stream analysis must be conducted to avoid a situation where the ash becomes hazardous waste.





	Under normal circumstances, the air emissions are lower than the state's allowable limits.  However, preparation of an air permit application for the state is required.  The base's environmental coordinator should be consulted with to learn how to prepare an application for an air permit and an ash disposal permit.
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