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Introduction 

This report presents principal findings from case studies of six operating integrated municipal solid 
waste management (IMSWM) systems. The primary purpose of these case studies w as to develop and 
present consistent cost, resource use (especially energy), and environmental regulatory information 
on each operating IMSWM system. In the six case studies, integrated municipal solid waste 
management is defined as the practice of using two or more alternative waste management techniques, 
such as source reduction, recycling, composting, combustion, or landfilling, to treat, process, and/or 
dispose of the municipal solid waste (MSW) stream. A detailed report on each of the six systems is 
available as follows: 

• Minneapolis, Minnesota (Hennepin County) ; NREL/TP430-20473
• Palm Beach Count, Florida; NREL!TP430-8131
• Scottsdale, Arizona; NREL!TP430-7977
• Seattle, Washington; NREL/TP430-8129
• Sevierville, Tennessee; NREL/TP430-8136, and
• Springfield, Massachusetts; NREL!TP430-8137.

This highlights the key lessons learned and insights that can reasonably be derived from the combined 
case studies, and includes a detailed review of the analytical methods used. This synopsis 
supplements the information presented in each of the individual case studies, each of which should 
be reviewed carefully for complete details about the individual IMSWM systems. 

The case studies do not compare the systems or system elements. The six IMSWM systems studied 
represent diversity in system complexity and geographic location. Each system studied is unique: 
the solid waste streams managed are different; the percentage of the total solid waste stream which 
was analyzed is different; the operational and ownership structures are different; and the state laws 
and regulations vary as well. Data analyzed in these systems are for a single fiscal year. However, 
the years vary among the six systems from 1992 to 1994. Consequently, attempts to compare the 
findings of these six case studies with other work would have no common basis. Documentation of 
the case studies involved the development and application of analytical methods to use in collecting 
information on the following parameters for each IMSWM system: 

• The types and quantities of municipal solid waste ( MSW) managed;
• Total. ( average and functional1) costs as well as incremental costs ( savings) for each major

component of the IMSWM system;
• Energy use; and
• Environmental and safety regulations and legislation.

1 Ftmctional areas varied for each system, but included one or more of the following: garbage collection, residential recyclables collection, commercial 

recyclables collection, vegetative waste collection, compost processing, recyclables processing, landfilling, combustion and G&A. 



Terms and Definitions 

Following are key terms with their definitions used in the case studies. 

Term 

Analyzed MSW 

Garbage 

Municipal Solid Waste 
(MSW) 

Program Incremental 
Costs (or Savings) 

Total Gross Cost 

Total Net Cost 

Definition 

That portion of the total MSW stream for which the associated management net 
costs are known, or at a minimum, can be reasonably estimated. The reason for 
limiting the types of MSW included in Analyzed MSW is to include only that 
portion of MSW for which sufficient data were available to draw defensible 
conclusions regarding the allocation of cost to the tons of MSW managed. 
Consequently, the types of MSW included in Analyzed MSW vary betwf."-en 
IMSWM systems. 

The MSW remaining after source separation of recyclables, yard waste, 
household hazardous waste, and bulky waste. 

Non-hazardous solid wastes (with the exception of household hazardous waste) 
generated by households, businesses, institutions, and light industry 
(administrative, cafeteria, packaging, etc.), including ash from the combustion 
of MSW. Types of solid waste excluded from the definition of MSW are 
industrial process waste, construction and demolition debris, offal, sludges, tires, 
and ashes, except ashes from the combustion of MSW. 

Determined for MSW management components (or programs) of each IMSWM 
system by calculating the system cost of MSW management, first with the 
inclusion of a specific program, and then calculating the cost of MSW 
management without that program. The Program Incremental Cost (or Savings) 
is the difference between the cost of managing MSW with or without the 
inclusion of a particular program. 

The sum of all expenditures incurred to manage MSW or Analyzed MSW 
including direct and indirect costs. 

Total Gross Cost less revenues received from either the sale of recovered 
materials, compost, recovered energy, or other saleable end products. 

Discussion·of Cost Terminology 

The definitions of Total, Average, and Program Incremental Costs and their inter-relationships, are 
illustrated using the simplified hypothetical cost curves in Figures 1 through 3. Although these 
simplified cost functions facilitate an understanding of these inter-relationships, they also serve, by 
providing counter examples, as a mathematical proof that certain relationships do not exist. 

For the hypothetical municipal solid waste management system depicted in Figure 1, 176,800 tons 
of garbage are collected and disposed for a Total Cost of $26.75 million. This results in an Average 
Cost per Ton of$151 (i.e., $26,750,000 divided by 176,800). The Total Net Cost is the sum of $13.58 
million of fixed costs, such as capital and G & A costs, and $13.17 million of 
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Figure 1 .  Total and Average Costs Before Adding a New Program 

176,800 Tons 

Figure 2. Total and Average Costs of MSW and Yardwaste Programs 

New Total Cost= $24.16 + $4.64 = $28.80 Million 

Figure 3. Total, Average, and Incremental Costs of MSW and Yard Waste Program: 

34,800Tons 142,000 Tons 
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variable costs, such as labor, fuel, tipping fees, and/or 0 & M costs. The variable cost per ton is
$74.50 ($13,170,000 divided by 176,800). 

This example is one way to illustrate that the Average Cost per ton of garbage collection and disposal 
does not represent the costs that are "avoidable" for each ton of waste which may be diverted from 
the waste stream. For example, in this illustration, the hypothetical community can avoid only the 
variable cost portion ($74.50) per ton for every ton diverted from the municipal solid waste stream, 
not the average cost per ton of $151. This occurs because certain fixed costs can not be reduced as 
materials are diverted from the municipal solid waste stream. Only the variable costs per ton can be 
saved for each ton diverted. In more complex situations, as more and more materials are diverted 
from the solid waste stream and/or time passes to allow contracts to be changed or equipment to be 
replaced, some fixed costs can be reduced as well, but not necessarily in proportion to the tonnage 
diverted. The degree to which fixed costs can be reduced varies from place to place. 

Figure 2 illustrates what happens if this hypothetical community institutes a solid waste diversion 
program, in this case a yard waste source separation collection and composting program. (A similar 
example to illustrate the analysis could have been formulated for a recyclables collection and 
processing program, or a waste to energy program.) To divert 34,800 tons of yard waste, the 
hypothetical community spends a Total Net Cost of $4.64 million, or an Average Cost per Ton of 
$133 (i.e., $4,640,000 divided by 34,800 tons). In this case, the community has been able to reduce 
the Total Net Cost for collecting and disposing of the remaining 142,000 tons of garbage from $26.7 5 
million to $24.16 million, a·difference of $2.59 million. However, when expressed as a cost per ton, 
the average cost of garbage collection and disposal has changed from $151 to $170 per ton because 
the fixed costs, which were unchanged, were allocated over fewer tons. More importantly, however, 
for this integrated MSWM system the community is now spending $28.80 million ($24.26 million 
for garbage, plus $4.64 million for yard waste), or $2.05 million more than it was spending before 
addition of the yard waste program. 

The Program Incremental Cost is defined as the difference between the cost of managing MSW with 
or without the inclusion of a particular program. As shown in Figure 3, the incremental cost of yard 
waste diversion in this hypothetical community is $2.05 million, the difference between the $28.80 
million Total Net Cost for the integrated system and the $26.75 million cost for the system without 
the yard waste program. 

Although the $133 average cost per ton for the yard waste program is less than the $170 average cost 
per ton for garbage collection and disposal, the inclusion of the yard waste program results in an 
overall increase of 8 percent ($2.05 million divided by $26.75 million) in the community's 
expenditures on municipal solid waste management. The institution of this program resulted in the 
diversion from landfill of 20 percent (by weight) of the municipal solid waste stream. 

This example, with the accompanying figures, is presented to illustrate the differences between all the 
various expressions of cost, and to show that a lower average cost per ton for a specific program does 
not necessarily reflect an overall savings related to instituting that program. Similarly, it is not 
necessarily true that a community is increasing its expenditures for a diversion program if the average 
cost per ton of the diversion program is greater than the average cost per ton of garbage collection and 
disposal. In general, the comparison of average cost per ton between programs in an integrated 
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system does not provide any insights into the economic impact of any program on the overall cost of 
an integrated solid waste management system. 

Calculation of program incremental cost is a more appropriate means of expressing the cost/benefit 

relationships for resource recovery and diversion programs. In this hypothetical example, the 

increase in expenditures of 8 percent allowed for a diversion from landfill of 20 percent of the

municipal solid waste stream. In the discussions of the individual case studies which begin on Page

18, this cost/benefit relationship is shown for each resource recovery or diversion program.

Diversion occurs when reliance on landfills is reduced through the beneficial use of waste derived 
resources. 

Cost and diversion information were developed in the case studies. However, because data considered 
in these case studies were for less than 100 percent of the total municipal solid waste stream in any 
given integrated MSWM system, these data cannot be used to compute either recycling rates or 
diversion rates which may be required by state laws. Case study data were not collected for that 
purpose and will not be sufficient for that purpose. For example, self-haul recyclables, commercial 
waste collection, disposal or recycling, and any backyard composting that might contribute to state 
diversion goals may not be considered in these case studies. 

Complex jurisdictional relationships applied in most of the integrated MSWM systems studied. In 
several case studies, jurisdictions depended upon each other for different elements of the integrated 
system. However, the degree of interdependency varied from place to place. These 
interdependencies complicate cost analysis, and because these relationships differ markedly from 
place to place, comparisons between different integrated MSWM systems are impractical. 

Lessons Learned 

This section summarizes the significant general fmdings and conclusions derived from studying the 
data and results presented in the case studies. Specific numerical results for each case study are 
presented in subsequent sections. 

Calculate the Program Incremental Cost to Determine the Cost or Benefit of Adding (or 

Changing) a Program in an Integrated MSWM System. The case studies illustrate the decision
making advantages ( in fact, the necessity) of examining program costs on an incremental basis. 
Although the case studies considered data for a single year, decision makers and planners would gain 
a better understanding of the long-term cost impacts of various programs if incremental costs were 
projected for each year of the planning period, e.g. , five or ten years. 

While demonstrating the use of incremental cost analysis, the case studies also illustrate that 
comparing the average cost per ton of managing garbage to the average cost per ton of diversion or 
resource recovery programs is inappropriate and can lead to erroneous conclusions. Because 

many local, state, provincial, and federal planning and regulatory organizations use or suggest the use 
of average cost comparisons to reach conclusions on the relative costs of various programs, the 
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importance of this lesson cannot be overstated. 2 

Whenever Materials are Diverted from the Waste Stream, a Local Government Should Examine 

Whether it can Reduce Expenditures for the Basic Program of Municipal Solid Waste Collection 

and Disposal. If savings can be realized in the basic program, then the cost differences attributable 
to a diversion program can be reduced, i.e., the program incremental cost can be reduced. For 
example, in the case study for Seattle, it is shown that Seattle's residential curbside and yard waste 
programs' incremental costs are relatively low because of savings Seattle wa8 able to realize in the 
collection and disposal of municipal solid wastes. Seattle was able to realize these savings because 
both its collection and disposal contracts are tonnage based. That is, for every ton diverted from the 
municipal solid waste stream, the City saves on both its collection and its disposal costs for garbage. 
On the other hand, other case studies show relatively higher recycling or yard waste program 
incremental costs, partly because little or no savings were realized in solid waste collection and 
disposal. 

There are several impediments to realizing these savings, at least in the short term, including routing 
or equipment constraints, union rules, contract limitations, service level limits, etc. For example, 
many communities in Palm Beach County pay for Residential Solid Waste (RSW) collection on a per 
household basis. When the residential curbside recycling program was instituted, many of the city
based RSW collection contractual fees were not renegotiated. Therefore, until the next round of bids, 
there was no savings in collection costs for MSW. Springfield's curbside recycling program 
incremental cost is also relatively high, in part because its "put-or-pay" commitment makes it 
impossible to realize any disposal cost savings at the waste-to-energy facility. 

High Incremental Cost Does Not Necessarily Mean That A Diversion or Resource Recovery 

Program is not Well-Designed and Operated. An incremental cost is the difference between two
costs. Therefore, the lower the variable cost per ton of municipal solid waste collection and disposal 
in a community, the more likely it will be that the incremental cost of a new diversion or recycling 
program will be high. For example, in cities like Scottsdale and Sevierville, where collection costs 
are low, and landfill costs are also low, the incremental cost of any program would be expected to be 
relatively high, no matter how well-designed or efficient it is. 

Collection of Either MSW, Recyclables or Yard Waste Represents the Most Significant IMSWM 

System Cost. In each case study, collection costs consistently account for the largest percentage of 
total IMSWM system net costs. Collection costs dominate whether the system uses several 
management options or just one or two. Collection costs, exclusive of transfer and haul costs, as 
shown in Table 1, range from 39-62 percent of the total system costs. With the expansion of materials 
and energy recovery services over the past two decades, it is interesting that the costs for processing 
facilities (e.g., waste-to-energy, materials recovery facilities, yard waste and MSW composting) were 
not the dominant cost elements. Rather, collection remains the largest cost element of IMSWM 
systems. 

2 For example, in a recent report, the federal EPA subtracts the average cost of collecting and disposing of garbage from the average cost of collecting 

and processing recyclables, and as a result, may have erroneously reported the net savings (cost) per ton of recycling programs. Report to Congress, Flow 
Controls and Municipal Solid Waste, Office of Solid Waste, Municipal and Industrial Solid Waste Division, March 1995, Exhibit III-18, EPA-530-R-95-

008). 

6 



Table 1. Summary of Functional Costs by System Studied 

System % of Net Costs Allocated to Certain Activities for Analyzed Mswr•1 

Collection Transfer/Haul Facilities[b1 Landfill£•1 G&A Net Cost 

Minneapolis (Hennepin 47% 6% 21% 6% 19% 23.80 
County),MN 

Palm Beach County, FL 57% 5% 20% 5% 9% 101.00 
Scottsdale, AZ 62% N/A N/A 13% 25% 6.61 
Seattle, WA 52%[d1 10% N/A 21%[•1 14% 30.20 
Sevierville, 1N 40% N/A 32% 19% 9% 1.09 
Springfield, MA 39% N/A 37% 7% 16% 7.17 

Notes: 

[a] Analyzed waste .,. 100% of the solid waste in every system; Pen:entage may not be equal 

to 100% since some functions are not included in the table. 

[b 1 Facilities includes MRF. Waste-to-Energy. RDF. Composling. etc. 

[c] Landfill variations exist across the case studies. however. most are Subtitle D. 
[d] Includes both collection and processing far other systems 

[e] For the City of Seattle. this number includes rail haul and disposal 

Landfill Disposal Costs are a Relatively Small Part of Overall IMSWM Costs. While there are
variations in the age, size, design, and operation of the different landfills used in the six IMSWM
systems, the cost contribution of the landfill element is relatively low. All of the case study landfills, 
except those used by the City of Scottsdale in 1992, meet SubtitleD criteria (the landfills currently
used by Scottsdale do meet Subtitle D. criteria). As shown in Table 1, landflll costs, including closure
and post-closure monitoring costs, for the six systems ranged from 5-21 percent of the total system 
costs. 

The Additional Energy Consumed to Collect and Process Recyclables and Yard Waste is 

Relatively Small. Although recyclables and/or yard waste collection and processing programs 
increase the amount of energy consumed to manage MSW, the amount of this increase is small. The 
case studies also indicate that the quantity of energy consumed to haul materials 100 miles (one-way) 
to markets via transfer vehicles approximately equals the energy consumed to collect and locally 
process these materials. 

Based on an independent two-week survey of residents of Scottsdale who bring recyclables to various 
drop-off locations, it was possible to make a "spot" estimate of the energy consumption associated 
with a drop-off recycling program. The analysis indicated that the average energy consumed per ton 
of recyclables collected was three to five times higher for drop-off than for the curbside residential 
recycling collection programs analyzed. 

Although calculating the energy conserved by using recycled materials rather than virgin materials 
was not within the analytic boundaries of this study, the data presented in these case studies can be 
used to compare any such energy savings of recycling with the additional energy consumed to collect, 
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process, and haul these materials. 

Waste Diversion, Recycling and Resource Recovery Programs Tend to Increase the Cost of 

�unicipal Solid Waste Management. Except for the curbside recycling program in Seattle, all of
the curbside recycling, yard waste composting, waste-to-energy, and mixed waste composting 
programs analyzed increased the cost of managing MSW in the case study communities, shown in 
Figure 4. Three of the four curbside recycling programs analyzed increased system costs from 5-12 
percent? Seattle's curbside recycling program slightly reduced costs. These programs diverted from 
9 to 21 percent (by weight) of the solid waste stream in those communities.4 Higher levels of 
diversion from these residential curbside recycling programs occurred in Seattle and Minneapolis 
where residents have economic incentives (variable rate garbage fees or tax breaks) for participation 
in the program. The three curbside yard waste collection and composting programs resulted in 
increased overall system costs, which ranged from 2-4 percent while achieving diversion of 11-20 
percent (by weight). The three waste-to-energy resource recovery programs analyzed increased 
overall IMSWM costs from 3-18 percent, while diverting 38-50 percent (by weight) from the solid 
waste stream. Finally, the only mixed waste composting program analyzed increased overall IMSWM 
system costs by 25 percent, but diverted approximately 70 percent (by weight) of the analyzed solid 
waste stream from landfill disposal. 

Approach 

Because no standard cost or·energy accounting practices are used across the U.S., two methods were 
developed and applied in the case studies, one for analyzing costs and the other for analyzing energy 
consumption. Both methods were applied to only a one-year period. However, both methods can be 
expanded to yield life-cycle incremental cost analyses. 

To develop and apply the methods, study boundaries were established, which included all activities
associated with collection (from the curb), processing, disposal, transport and shipping to the end-user 
or remanufacturer. Specifically excluded from the study boundaries was energy consumption 
associated with the manufacture of goods in the waste stream or their remanufacture/reuse through 
recycling. 

Each methodis addressed below. 

Gross, Net and Incremental Cost Methods 

The method used in the case studies for analyzing gross, net and incremental costs of the 

3 These results apply to either FY 1992 or FY 1993, when commodity prices were relatively low. Since then, paper prices, in particular, have increased 

dramatically, which could alter these results in some of the communities. 

4 Although the colliiilWlities with the greatest diversion tended to have the lowest incremental c.ost, at this time no generalization can be made-between 

incremental cost and diversion. 
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IMSWM systems and components is described in this section. The method was developed to: 

• Identify total costs;
• Identify total revenues;
• Establish a means of reasonably allocating costs and revenues to the MSW stream managed;
• Establish a means to further allocate those costs by the IMSWM system's functional areas and

type of waste managed; and
• Determine incremental costs.

Certain obstacles were encountered in determining costs on a consistent basis for the six IMSWM 
systems presented in the case studies: 

The institutional structure of the six IMSWM systems varied and consisted of one 
or a combination of the following: publicly-operated collection systems, privately
operated collection systems (operating independently or under contract to public 
entities), public or private facility operators, inter-governmental solid waste 
authorities, etc. 

Currently, no standard accounting procedure has been adopted in the United States 
for MSW management, nor have definitions of terminology associated with MSW 
management practices been standardized. 

Local governments by tradition and practice maintain their financial records in a 
variety of ways to best suit the specific needs of the local government, which may 
not serve the needs of measuring the costs of the entire IMSWM system. It was 
common to find that IMSWM systems were funded from general revenues, and 
therefore, the specific system costs were not typically consolidated, which resulted 
in no record of the total costs of a system. Thus, it was common to fmd that tracking 
the full costs associated with a given system or component of a system was difficult 
based on the records available. 

For example, in some cases, publicly-operated collection systems used vehicle 
maintenance and repair facilities that provided service to a system-wide fleet of 
vehicles, including other vehicles, such as police and staff vehicles. While the costs 
of the maintenance facility may have been well documented, sufficient records may 
not have been maintained to allocate these costs or fuel usage back to individual 
vehicle functions, such as the garbage collection fleet. The analysis made 
adjustments to account for these costs. Another area where analysis was difficult 
relates to fringe benefits costs of public employees. In some cases, these costs were 
not reported and had to be calculated and added in. Thus the costs calculated in the 
case studies include fringe benefits, but may not conform to local reported costs. 

The cost method consists of several steps as shown graphically in Figure 5. Each step is discussed 
below. A method was also developed for determining the incremental cost of a given system
component or program. This method is also discussed. 
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Figure 5. Cost Methodology for Determining Gross and Net Costs and for Allocating 

Total Costs by Functional Area and Waste Type 

Identify "Total Revenues" I �Identify "Total Gross Costs" Define and Quantify 
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Define and Quantify "Analyzed MSW" 

A critical element of the cost analysis was an attempt to document costs for different functions 
(collection, transfer, processing, disposal, etc.) which support an IMSWM. Analyzed MSW is defmed
as that portion of the total MSW stream for which the associated management costs can be determined 
or, at a minimum, reasonably estimated. The reason for limiting the types of MSW included in 
Analyzed MSW was to include only that portion ofMSW for which sufficient cost data was available 
to draw defensible conclusions regarding the allocation of cost to the tons of MSW managed. 
Consequently, the types of MSW included in Analyzed MSW varied between IMSWM systems. 
Specifically, analyzed MSW may include none, some, or all of the commercial MSW generated in the 
community. 

In performing the case studies, the most common reason for excluding portions of the MSW stream 
was a lack of collection cost data. The programs most commonly impacted were MSW and 
recyclables from commercial, institutional, and light industrial sources, and certain drop-off 
recyclables, yard waste and HHW drop-off programs. 

Identify TotaiiMSWM System Gross and Net Costs 

An attempt was made to identify .all sources of costs and revenues to determine total IMSWM system
gross and net costs (net costs are gross costs less revenues). Typically, revenues were easily 
identified and readily documented. Costs included the direct costs associated with the entities 
specifically responsible for MSW management, such as a sanitation or public works department, solid 
waste authorities, private contractors (private haulers and facility operators), and the less obvious 
indirect costs associated with ancillary departments, private contracts or other federal, state or local 
entities. The case studies suggest that the most difficult cost to identify and quantify was general and 
administrative (G&A) costs, such as shared office space, office equipment and staffing resources like 
city/county attorneys and administrators. I t  was important to identify these costs, since, if these 
resources were not made available, additional costs would be incurred by the system. Therefore, the 
benefits derived from these resources were reflected as a cost to the system and allocated to the 
system. 

The most reliable sources of cost and revenue data were found to be audit data, financial statements, 
annual reports, or other types of audited accounting records. Therefore, the most important first step 
was to identify and interview accounting staff to acquire reliable data, and equally important, to gain 
knowledge of how the funding mechanisms worked. The accounting staff were able to identify costs 
and revenues not otherwise accounted for, and were able to explain how monies flowed in and out of
the system. As a next step, the program staff was interviewed to review the accounting data and offer
clarification of program related issues. Once the basic cost and revenue data were acquired and 
understood, they were then adjusted as appropriate. 

Adjust TotaiiMSWM System Gross and Net Costs 

Two adjustments to the costs and revenues were typically required regardless of the institutional 
structure used. 
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The first adjustment was to annualize or capitalize capital expenses5 over the useful life of the asset. 
With this approach, the capital cost of an asset is independent of the method used to pay for the asset 
and has the same annual value over the useful life of the asset. This was an important adjustment, 
because otherwise the cost of an IMSWM system for a single one-year period could lead to distorted 
results. For example, assume a new front-end loader with a seven-
year life was purchased for $100,000 in cash to serve a small corrugated recycling facility. Without 
making this adjustment, the financial statements would allocate the entire cost to a single one-year 
period and thus distort the cost analysis to indicate an unreasonably high cost in that given year and 
lower than expected costs in other years. 

Allnualizing or capitalizing a capital expense was a reasonable approach to use for capital expenses 
associated with buildings and equipment, which represented the majority of the capital assets that 
comprised the IMSWM systems. However, the preceding approach was not applicable to landfills. 
The useful life of a landfill is not dependent on the age of the landfill, but rather can be correlated to 
the level of consumption or use of the landfill's capacity. Therefore, the initial capital costs associated 
with developing a landfill were allocated to the volumetric capacity of the landfill (i.e., dollars per 
cubic yard). The annualized capital cost of the landfill was then determined by multiplying this unit 
cost (escalated to the appropriate year's dollars to adjust for effects of inflation) by the volumetric 
capacity consumed in a given year. 

The second adjustment made was to revenues. Financial statements included revenues, such as 
landfill and other processing facility tip fees, designated assessments, and other fees. However, the 
actual net cost (gross costs less revenues) of any IMSWM system is the gross costs less only those 
revenues paid into the system from the sale of recyclable materials, compost, energy or other 
marketable end-product. Therefore, when a private entity received a share of material or energy 
revenues, the private entity's share was accounted for as a revenue paid into the system. This required 
the associated cost (or payment) to the private entity to be increased by an amount equivalent to the 
revenue share. This approach was based on the assumption that the revenue share offsets associated 
costs of the private entity. 

Determine Applicable Costs/Revenues 

The total adjusted costs/revenues were then allocated to the Analyzed MSW. This was a relatively 
straightforward step requiring that the costs associated with excluded waste also be excluded. For 
example, the costs associated with Class N construction/demolition landfllls would typically be 
excluded because this type of waste is not considered MSW. Another example would be the exclusion 
of the costs associated with any drop-off program, because this program and this waste was excluded 
from Analyzed MSW due to a lack of cost data on the self-haulers required to make this program 
functional. It was possible to allocate some costs between Non-Analyzed and Analyzed MSW using 
factors such as tonnage. 

Allocate Adjusted and Applicable Gross and Net Costs to I MSWM System's Functional 
Areas 

Adjusted and applicable costs/revenues were allocated to the functional areas of the IMSWM system. 
Functional areas varied for each system, but included one or more of the following: garbage 

5 The purchase of an asset or service with a useful life of greater than one year. 
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collection, residential recyclables collection, commercial recyclables collection, vegetative waste 
collection, compost processing, recyclables processing, landfilling, combustion and G&A. 

Allocating costs by function required a review of each line item's cost/revenue. Often it was possible 
to allocate 100 percent of a specific cost/revenue to a given functional area. Other times it was 
necessary to allocate a given cost/revenue among functional areas. The method of allocating between 
functional areas depended on the line item being allocated. For example, the cost of a commercial 
recyclables collection truck could be allocated 100 percent to the commercial recycling function, 
whereas the total cost of diesel fuel may have needed to be allocated between the garbage and 
recycling collection functions. 

Allocate Adjusted and Applicable Costs/Revenues by Solid Waste Type 

Adjusted and applicable costs/revenues were allocated by solid waste type, which varied for each 
system, but included one or more of the following: garbage, recyclables and/or, yard waste. Each 
costs was allocated to waste type using the same method as allocation by functional area. If an 
expense or revenue was wholly attributable to a single waste type, e.g., a MRF for recyclables, it was 
allocated entirely to that waste type. If an expense or revenue needed to be allocated to more than one
waste type, e.g., transfer station costs where garbage, yard waste, and recyclables are transferred, it 
was allocated to the respective waste types based on tonnage, staffing levels, or other appropriate 
variables. G&A expenses were allocated based on the dollars expended on non-G&A functions. 

Program Incremental Costs (or Savings) 

A Program Incremental Cost (or Savings) is defined herein as "the difference between the cost of 
managing MSW with or without the inclusion of a particular program." An incremental cost was
calculated for each program by assuming that the program had never been implemented and 
determining what the cost impact on the system would have been if the program had never been 
implemented. The system "Without Program" cost was then subtracted from the "With Program" cost 
to determine the incremental cost of the program. It was assumed that prevailing market prices and 
conditions are applicable for all activities. 

This concept can be demonstrated in a simplified way by assuming an IMSWM system currently 
consists only of a garbage collection system, landfill and mixed MSW composting facility. Assuming 
that the landfill and compost facility are located adjacent to one another, it is reasonably correct to 
assume that the cost of garbage collection would be the same if the compost facility did not exist. If 
the compost facility did not exist, then all the costs associated with the compost facility would be 
eliminated. However, assuming the compost facility did not exist means that all the solid waste would 
be handled at the landfill, which would increase the costs associated with landfilling. Therefore, the 
incremental cost of the compost facility is the difference between the compost facility cost (C) plus 
the landfilling costs (L1) under a combined compost-landfill system, minus landfilling costs (L0) under 
a system with no composting since more waste would be handled at the landfill. This can be shown 
as: 

(L1 + C) - L0 = Program Incremental Cost of Composting 

It should be noted that in some instances, legislative requirements preclude the actual ability to 
eliminate certain programs. For instance, the landftlling or incineration of yard waste is banned in 
many states. In cases such as these, the incremental cost can be interpreted as reflecting the cost (or 
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savings) of the ban. 

Energy Method 

The method developed in the case studies for analyzing the energy consumption of various lMSWM 
system components is described in this section. The IMSWM system components included in the 
energy consumption analyses were as follows: 

• Collection vehicles for garbage, recyclables, yard waste, and bulky wastes;
• Transfer stations and hauling of MSW between facilities and transfer stations;
• Processing/combustion facilities, including .MRFs, composting facilities, and WTE facilities;
• Landfills; and
• The transportation of processed recyclables and compost.

The method focused on energy consumption and briefly considered energy generation for those 
systems with WTE components. ln general, the results of the analyses were presented in equivalent6
gallons of diesel fuel consumed per ton of MSW. Such information was presented by system 
component (collection, material recovery facility, transfer station, etc. ) and type of MSW (garbage, 
recyclables, yard waste, etc.). 

Types of Energy Included and Excluded from Analysis 

Certain types of energy consumed or conserved were excluded from the energy consumption method. 
Energy consumed or conserved in the remanufacture of recyclables into usable products was outside 
the study boundaries. These factors, however, must be considered when assessing the overall energy 
consequences of recycling. ln addition, energy consumed for self-hauling garbage, recyclables, yard
waste, etc., to drop-off sites or facilities was generally excluded. 
All other energy types directly consumed by the IMSWM system components were used in the 
analyses. Following are the various energy sources considered in the analysis: 

• Gasoline,
• Diesel fuel,
• Natural gas,
• Electricity, and
• No. 2 fuel oil.

Calculation of System Component Energy Usage 

Energy consumption data were collected for the various components of the IMSWM systems. If such 
data were not available, either assumptions were used to estimate energy usage or energy consumption 

. was not included. The energy usage by each component was then converted into total British thermal 
units (Btus), and then into equivalent gallons ofdiesel fuel using standard conversion factors. 

For those system components that handled MSW imported from outside the IMSWM system, the 
amount of energy consumption attributable to MSW generated in the system was determined by 
prorating energy consumption based on tonnage. For each system component (landfilling, 

6 Equivalent energy or Btu value expressed in terms of gallons of diesel fuel. 
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composting, etc.), the energy usage by type of solid waste (garbage, yard waste, recyclables, etc.) was 
then estimated. 

If a system component handled more than one type of MSW, the amount attributable to each type of 
MSW was generally determined by prorating the energy usage based on tonnage. Because some 
collection vehicles were used for more than one type of solid waste, energy usage by those vehicles 
was generally prorated based on an estimated breakdown of time the vehicles were used to collect 
each type of solid waste. 

Finally, the total equivalent diesel gallons per ton and Btus per ton were calculated by type of solid 
waste. Also, equivalent diesel gallons per ton were calculated by type of system component. 

Calculation of Energy Use for Hauling 

A different approach was used to estimate energy consumption for hauling recyclables and compost 
to markets than for hauling other materials such as garbage. (Markets are defined as the first 

processing point reached after leaving the system.) It should be noted that energy consumption was 
analyzed only when recyclables were hauled to markets using tractor trailers (railroad and ocean 
shipping approaches were excluded from the analyses). In order to estimate the energy consumption 
for hauling recyclables to markets, a weighted average distance for each type of recyclable hauled was 
established. A conversion factor of gallons per ton-mile was then used to estimate energy 
consumption. The conversion factor was based upon actual energy consumption of MSW/transfer 
vehicles. 

In some case studies, it was not possible to determine a weighted average distance to markets. 
Therefore, ranges of miles were given and then converted to ranges of gallons per ton hauled based 
on the gallon per ton-mile conversion factor. 

The energy consumed to haul compost to markets was estimated by assuming the compost was hauled 
in dump trucks. Based on assumed or actual cubic yard capacities of the dump trucks, bulk densities 
of the compost, quantities of compost, miles per gallon of diesel used, and miles to the market, the 
estimated gallons of diesel consumed per year to haul the compost was determined. This quantity was 
then divided by the quantity of Analyzed MSW composted to determine the equivalent gallons per 
ton. 

Calculation of Energy Use/Production for WTE Facilities 

For WTE facilities, the quantity of energy used was obtained. In-house use of electricity was 
identified separately from other types of fuel use. The energy use was then converted into equivalent 
gallons of diesel fuel using standard conversion factors. If the WTE facility handled MSW imported 
from outside the system, the amount of energy consumption attributable to MSW from inside the 
system was determined by prorating it based on tonnage. 

· 

Energy production at the WTE facilities was also analyzed and converted into equivalent gallons of 
diesel fuel conserved per ton managed. The quantity of electricity sold was converted to equivalent 
gallons of diesel fuel, assuming a standard plant heat rate (Btu per kilowatt hour) for all studies. The 
estimate of energy produced is equal to the gallons of diesel fuel that would have been used to 
produce the same quantity of electricity by a utility. 
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In the case where steam was also sold (Springfield), the quantity of steam sold was converted to 
equivalent gallons of diesel fuel per ton of garbage processed, assuming a standard boiler efficiency 
and specific enthalpy7 value based on reported steam conditions. Other steam losses were not 
considered. The analysis assumed that no condensate was returned from the steam market. 

7 Fnthalpy is a measure of the energy content of a system per unit of mass. 
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IMSWM System Descriptions and Results 

Population 

The study included IMSWMS systems of different sizes serving different populations across the 
United States. Table 2 shows the range of populations represented in the case studies. 

Table 2. Populations Represented in the case studies 

Location 

Minneapolis, Minnesota (Hennepin County) 

Palm Beach County, Florida 

Scottsdale, Arizona 

Seattle, Washington 

Sevierville, Tennessee 

Springfield, Massachusetts 

Population 
(approximate) 

Count 

1 ,030,000 

897,000 

2,1 00,000 

1 ,500,000 

54,600 

450,000 

Population 
(approximate) 

Cit 

368,000 

N/A 

1 37,590 

5 16,000 

7,500 

1 57,21 0  

Economies, Institutional Arrangements, System Components, and Results 

For each case study, a brief summary of the following items is presented in this subsection: 

Economy 

The economy of an area has a direct impact on the quantity and constituents of MSW generated and 
the types of components that are most feasible in an IMSWM system. 

Institutional Arrangements 

It is important to understand the key institutional arrangements surrounding the management of the 
IMSWM systems outlined in the case studies, since the various institutions form the core of most of 
the IMSWM systems. It should be noted that the impacts on institutional arrangements due to the 
Supreme Court decision, Carbone v. Clarkstown, regarding flow control may not be reflected in the 
following summaries. 

System Components 

The IMSWM system components represented in each case study are briefly described. The 
descriptions highlight the types of components represented in each IMSWM system, however, the 
specifics of each component vary significantly, and therefore, the detailed case studies should be 
reviewed for specific information. 
Results 
The results of the cost and energy analyses are presented for each case study. 
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Minneapolis (Hennepin County), Minnesot;l 

Economy 

Tills area has a relatively diverse economy. In 1992, three industry types - manufacturing, wholesale 
and retail trade, and services -- accounted for nearly 70 percent of the jobs in the seven�county Twin
City metropolitan area. 

Institutional Arrangements 

The Minnesota Waste Management Act (WMA) was passed by the Minnesota legislature in 1 980. 
Under the WMA, each of the seven metropolitan area counties is required to develop a solid waste
master plan. In the metropolitan area, Minnesota cities and counties have shared responsibilities for 
implementing an IMSWM system consistent with the WMA. In Minneapolis and Hennepin County, 
the collection of various solid waste materials is primarily a city-sponsored service and the processing 
and disposal ofMSW is primarily a county-sponsored service. 

System Components 

The city and county's IMSWM system components include, among others, curbside/alley residential 
and commercial garbage, recyclables, and yard waste collection services, along with specified HHW 
collection days, and a HHW drop-off site. There are also drop-off sites for tires, paving and
construction materials and used oil; transfer stations (with one designated for yard waste); and a bulky 
waste processing area The system components also include a mass-bum WTE facility, three refuse
derived fuel (RDF) waste processing facilities, and a private processing facility for recyclables 
operating under contract with the city. There are several private operations that process residential 
source-separated yard waste under contract. The county has contracts with a variety of regional and 
out-of-state landftlls for the disposal of residue, non-processible waste, bypass waste, and ash. 

Results 

Figures 6, 7, 8, 9 and 10 graphically present the results of the cost of Analyzed MSW management 
for Minneapolis (Hennepin County). The average net cost to manage 142,907 tons of Analyzed MSW 
was $167 per ton, in fiscal year 1992 dollars The following table illustrates the average cost per ton 
for each category of waste analyzed. 

Table 3. City of Minneapolis - Average Cost Per Ton (FY 1 992 $) 

Category Tonnage Total Cost Average Cost/Ton 
Garbage 102,030 16,918,500 $166 
Recyclables 21,500 3,645,150 $170 
Yard Waste 16,160 2,554,000 $158 
Bulky Waste 3,220 680,670 $211 
Total! Average 142,907 23,800,000 $167 

8 This case study and analysis was prepared based upon infonnation provided by the City of Minneapolis, Hennepin County, and several private 

companies which support the IMSWM system. The analysis has been reviewed and revised based upon comments provided by Hennepin County. 
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The incremental program costs (savings) are shown below: 

Table 4. City of Minneapolis - Incremental Program Costs (Savings) and Diversion 

(FY 1 992 $) 

Tons Incremental Costs Diversion from 
Managed (Savings) LandfUI 

$ % Tons 

WTE Program 95,692 6 12,900 2.6% 68,800 

Curbside Recycling Program 21,498 1 ,591 ,000 7.2% 2 1 ,498 

Yard Waste Program 16,159 874,700 3.9% 16,159 

Bulky Waste/Problem Waste 2,7 1 8  1 86,600 0.8% 2,7 1 8  

Note: 
A range of costs was calculated in Minneapolis. The mid-point of the range is shown on this table. Discussion of the 
range of costs iS found in the detailed case stndy. 

% 

48% 

15% 

1 1 %  

1 .9% 

The following table shows the energy consumed in the collection function. The data is a compilation 
of information from the city of Minneapolis and Hennepin County, as well as some of the private 
service providers. Additional energy analyses can be found in the condensed case study. 

Table 5. City of Minneapolis - Energy Consumed to Collect Garbage, Yard Waste, 

Bulky Waste, and Recyclables in the City 

(FY 1 992 Equivalent Diesel Gallons Per Ton) 

Variables Garbage Bulky Yard Recyclables 

Waste Waste 

City Truck Hours 41,089 6,247 9,402 
Percent of Truck Hours 72.42 11.01 16.57 
Tons Collected 48,355 3,220 7,823 
Millions of Btus 10,689 1,625 2,446 
Diesel Fuel (Equivalent Gallons) 73,020 11,100 16,710 
Gallons Per Ton 1.5 3.4 2.1 
Sources: 

1. City of Minneapolis, "Fuel Use Data," Computer Printouts. 
2. Minneapolis Refuse, Inc., "Monthly Invoices," December 30, 1991 through December 31,  1992. 
Notes: 

a. Data for garbage, yard waste, and bulky waste are from the city only. 
b. Data for Recyclab1es are for both the city and MRI. 
c. MRI fuel consumption assumes average price of gasoline and diesel fuel were $1.10 and $1.25 per gallon, 

respectively. (Telephone conversation with Mr. D. Kruell, MRI, October 29, 1994). 
d. Conversion to millions of Btus for diesel fuel assumes 146,390 Btus per gallon. 
e. Conversion to millions of Btus for gasoline assumes 127,650 Btus per gallon. 
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Figure 6. City of Minneapolis (Hennepin County) Total Waste (Tons) 

Analyzed MSW 

98.5% 

Total = 145,087 Tons 

Non-analyzed MSW 

1 .5% 

Figure 7. City of Minneapolis Analyzed Waste by Type of Waste (Tons) 

Garbage 71 .72% 

Bulky Wastes 2.22% 

Total Analyzed Waste = 142,907 Tons 
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Figure 8. City of Minneapolis Net Costs of Managing Analyzed MSW by Functional Area (FY 1992$) 

Collection 49% 

Other <!% 

Transfer and Haul 6% 

· Promotion, Education and 
Public Relations <1% 

Landfill 6% · 

Facilities (processing) 
2 1 %  

Total Net Cos t  o f  Managing Analyzed Waste = $23,798,129 or an average of $167/ton 

Figure 9. CHy of Minneapolis Allocation of Net Costs by Type of Waste (FY 1992$) 

Garbage · 
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Figure 1 0. City of Minneapolis Functional Allocation of Net Costs by Type of Waste {FY 1 992$) 
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Palm Beach County, Florida 

Economy 

The economic mainstays in this area are real estate and construction industries associated with 
producing housing for the county's increasing population. Agriculture supports the rural, western area 
of the county. 

Institutional Arrangements 

The Solid Waste Authority of Palm Beach County was created by the state legislature to assume 
responsibility for the coordinated management of solid waste in the county. The Authority has the 
power to construct and operate solid waste disposal facilities and to require that all MSW collected 
by public or private agencies from any municipality or unincorporated area of the county be 
transported to Authority-designated processing and disposal facilities. The majority of the Authority's 
revenues come from non ad-valorem assessments charged directly to the owners of residential and 
commercial property and tip fees from commercial customers. 

System Components 

The county's IMSWM system components include curbside garbage, recyclables, yard waste and 
bulky waste collection service, llliW drop-off sites at the transfer stations, a llliW drop-off and 
storage facility, and a recyclables drop-off collection program. The system also includes four transfer 
stations and a WTE facility consisting of an RDF processing facility and an associated combustion 
facility. Also included in the system components are a ferrous processing facility that produces a 
marketable product from recovered ferrous, a MRF that processes recyclables, and a co-composting 
facility that processes sewage sludge mixed with source-separated yard waste. Compost is processed 
in an enclosed building using an aerated, agitated bay technology. The IMSWM system components 
also include one Class I landfill, which meets the RCRA Subtitle D requirements, used primarily for 
disposal of combustion ash and residue and limited amounts of bypass garbage, and one single-lined 
Class III landfill used primarily for disposal of construction/demolition debris and land-clearing 
debris. 

Results 

Figures 1 1, 12, 13, 14 and 15 graphically present the results of the cost of Analyzed MSW 
management for Palm Beach County. 

The average net cost to manage 700,000 tons of Analyzed MSW was $144 per ton, in fiscal year 1992 
dollars. The following table illustrates the average cost per ton for garbage/trash and recyclables. 

Table 6. Palm Beach County - Average Cost/Ton (FY 1 992 $) 

Category Tonnage Total Costs Average CostJTon 

Garbage/Trash 614,000 $82 million $ 1 34 

Recyclables 85,800 $19 million $21 8  

Total 700,000 $101 million $144 
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The incremental costs (savings) are shown below: 

Table 7. Palm Beach County - Program Incremental Costs (Savings) and Diversion 

(FY 1992 $) 

Tons Program Incremental Diversion from 
Managed Costs (Savin s) Landfill 

$ % Tons % 

Resource Recovery Facility 437,143 $1 5,3000,000 17.9% 265,622 38% 
Program 

Curbside Collection and MRF 61 ,585 $ 10, 100,000 1 1 . 1 %  6 1 ,585 9% 
Pro am 

The following table shows the energy conslimed in the collection function. The data is a compilation 
of information from the Palm Beach Solid Waste Authority and the municipalities. Additional energy 
analyses can be found in the condensed case study. 

Table 8. Palm Beach County - Energy Consumed to Collect Garbage, Trash and 
Recyclables (FY 1 992 Equivalent Diesel Gallons Per Ton) 

Variables Garbage Trash Garbage/Trash Recl:clables 

Tons Collected 139,291 5 1 ,270 1 90,561 16,137 

Diesel Fuel Consumed 242,232 81 ,813  327,045 46,365 
(gallons) 

Total Miles 645,639 394,008 1 ,039,647 238,084 

Miles Per Gallon 2.67 4.65 3.18 5.13 

Gallons Per Ton 1.74 1.65 1.72 2.87 

Source: Boca Raton, Computer Printouts of Fleet Information and Vehicle Information provided by Waste Management of 

Palm Beach. 

Note: Conversion to millions ofBtus assumes 146,390 Btus per gallon. 
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Figure 1 1 .  Palm Beach County Total Waste (Tons) 

Analyzed MSW 64% 

Total = 1,101,696 Tons 

Non-analyzed MSW 

36% 

Figure 12. Palm Beach County Analyzed Waste by Type of Waste (Tons) 

Garbage 90.73% Recyclables 9.27% 

Total Analyzed Waste = 700,285 Tons 
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Figure 13. Palm Beach County Net Costs of Managing Analyzed MSW by Functional Area (FY 1 992$) 

Transfer and Haul 5.4% 

Miscellaneous 4.4% 

Collection 57% 

Total Net Cost of Managing Analyzed Waste = $101 million or an average of$144/ton 

Figure 14. Palm Beach County Allocation of Total Net Costs by Type of Waste (FY 1 992$) 

Garbage/Trash 81% Recyclables 19% 
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Figure 1 5. 
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Palm Beach County Functional Allocation of Gross Costs for GarbagefTrash and Recyclables (FY 1 992$) 
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Scottsdale, Arizona 

Economy 

This area has a large amount of undeveloped and agricultural land with only a small amount of 
industrial or commercial land. Tourism is the city's economic mainstay. 

Institutional Arrangements 

The city manages MSW through its Sanitation Division, or the MSW is delivered to the county-owned
landfill directly by residents. Household hazardous waste (HHW) is collected by the city and
processed by a private contractor. 

System Components 

The city's IMSWM system components include curbside garbage, brush/bulky waste, and white goods 
collection service, including on-call collection of corrugated moving boxes. There are drop-off sites 
for HHW as well as annual HHW collection days, recyclables drop-off sites, and on-call office paper
collection at city buildings. The IMSWM system components also include three unlined landfills for 
disposal of garbage, brush, and bulky waste. 

Results 

Figures 16 ,  17, 18, 19 and 20 graphically present the results of the cost of Analyzed MSW 
management for the city of Scottsdale. 

The average net cost to manage 1 12,000 tons of Analyzed MSW was $59 per ton, in fiscal year 1992 
dollars. The following table illustrates the average cost per ton for each category of waste analyzed. 

Table 9. City of Scottsdale - Average Costs Per Ton (FY 1 992 $) 

Category Tonnage Total Cost Average 
Cost/Ton 

Residential Garbage 58,600 $3.71 million $63 

Commercial Garbage 44,800 $1 .86 million $41 

Brush and Bulky Waste 7,970 $0.86 million $ 108 

Recyclables · 820 $0.15  million $182 

Total 112,190 · $6.61 million $59 

29 



The incremental costs (savings) are shown below: 

Table 10. City of Scottsdale - Program Incremental Costs (Savings) and Diversion 
(FY 1992 $) 

Tons Program Diversion from 

Managed Incremental Landfill 

Costs (Savings) 

$ % Tons % 

Mobile Recycling Program 401 69,373 1.05% 401 0.4% 

Office Waste Paper Recycling Program 30 (900) 0 30 0 

Move-in Boxes Recycling Program 58 522 0 58 0 

White Goods Recycling Program 55 495 0 55 0 

Station Container Pro am 279 2,511 0 279 0.25% 

The following table shows the energy consumed to manage garbage, brush and recyclables. 
Additional energy analysel;l can be found in the condensed case study. 

Table 11. City of Scottsdale - Energy Consumed to Manage Garbage Brush, and 
Recyclables (FY 1992 Equivalent Diesel Gallons Per Ton) 

Activity Residential Commercial Brush Recyclables 
Garbage 

Sanitation Collection Vehicles 2.1 

Individual Cars and Trucks 

Container Repair & Misc. Fleet <0.1 

Landfills 0.4 

Total Fuel Equivalent (gallons/ton) 2.5 

Total Fuel Equivalent (Btu/ton) 370,000 

Notes: 

a. Gallons are expressed as equivalent (on Btu basis) gallons of diesel fuel. 
b. Btu content of diesel fuel is 146,390 Btu per gallon. 

Garbage 

1 .3 

<0.1 

0.4 

1 .8 

256,500 

2.2 

<0.1 

0.4 

2.7 

390,200 

2.9 

4.2 

<0.1 

7.2 

1,049,600 

c. Based on 58,568, 44,775, 7,868,793 tons of residential garbage, commercial garbage, brush, and recyclables, respectively. 
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Figure 16. City 
_
of Scottsdale Total Waste (Tons) 

Analyzed MSW 97% 

Total = 115,017 Tons 

Non-analyzed MSW 

3% 

Figure 17.  City of Scottsdale Analyzed Waste by Type of Waste 

Garbage 92.43% 

Total Analyzed Waste = 112,034 Tons 
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Figure 18. City of Scottsdale Net Costs of Managing Analyzed MSW by Functional Area (FY 1993$) 

Collection 62% 

G & A 25% 

Total Net Cost of Managing Analyzed Waste = $6.61 million or an average of $59/ton 

Figure 19. City of Scottsdale Allocation of Net Costs by Type of Waste (FY 1 992$) 
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Figure 20. City of Scottsdale Functional Allocation of Net Costs by Type of Waste (FY 1 992$) 
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Seattle, Washington 

Economy 

The aircraft industry is the economic mainstay of this area with ship building and wood products 
manufacturing as other major industries. Also, the city has long been a major port of trade to Asia 
and the principal gateway to Alaska. 

Institutional Arrangements 

Seattle manages the collection and disposal of MSW through the Seattle Solid Waste Utility, which 
provides direct MSW management services, procures other solid waste management services, and 
manages the IMSWM system. The utility operates as an independent financial entity that must be 
self-supporting ( it cannot receive subsidies from general funds or tax revenues). The utility charges 
variable or volume-based fees to cover its costs. The utility controls the disposition of residential and 
commercial solid waste generated within the city, exclusive of "materials destined for recycling," 
pursuant to a 199 1 Seattle flow control ordinance. 

System Components 

The city's IMSWM system components include curbside garbage, recyclables, and yard waste 
collection service, an on-call white goods collection service, and drop-off sites for yard waste, 
recyclables, llliW and used oil. The llliW is dropped off at a HHW drop-off and processing facility.
The system components also include two transfer stations, two MRFs, and a source-separated yard 
waste compost facility. The compost facility is in a rural area and is an open air facility, using large
windrow piles, which are turned and aerated by a windrow turner, to process the compost. The 
IMSWM components also include one lined landftll located in Oregon. The MSW is hauled via rail 
for disposal in the landftll. 

Results 

Figures 21, 22, 23, 24 and 25 graphically present the results of the cost analysis of Analyzed MSW
management for the city of Seattle. 

In Seattle, less than half of the total MSW waste stream was analyzed because costs could not be 
determined for self-hauled MSW and recyclables primarily from the commercial sector. The average 
total cost to manage 232,000 tons of Analyzed MSW was $130 per ton, in fiscal year 1992 dollars. 
The following table illustrates the average cost per ton for each category of waste analyzed. 
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Table 12. City of Seattle - Average Costs Per Ton (FY 1992 $) 

Category 

Garbage 

Recyclables 

Yard Waste 

Total 

Tonnage 

142,000 

54,600 
(51 , 100 recycled) 

34,790 
(34,440 sold) 

232,000 

Total Cost 

$21 .6 million 

$ 4.5 million 

$ 4. 1  million 

$30.2 million · 

The incremental costs (savings) are shown below: · 

Average Cost/Ton 

$152 

$88 

(per ton recycled) 

$ 1 1 9  

(per ton sold) 

$130 

Table 13.  City of Seattle - Program Incremental Costs (Savings) and Diversion 

(FY 1992 $)

Tons Incremental Cost Diversion from 
Managed Landf'dl 

$ % Tons % 

Curbside Recycling Program 48,200 (17,200) -0. 1 %  48,200 21  

45  500 568 000 1.9% 45 500 20 

Data on energy consumption for the Seattle IMSWM system were available only on the Recycle 
America Materials Recovery Facility. Analysis of that data indicated that, on an equivalent gallons 
of diesel fuel per ton basis, the energy consumption with the curbside recycling program in FY 1992 
was: 

Activity 

Collection of Recyclables 

Processing of Recyclables 

Total 

35 

Gallonsffon 

3.6 

0.3 

3.9 



Figure 21 . City of Seattle Total Waste (Tons) 

Analyzed MSW 43% 

Total = 541,514 Tons 

Non-analyzed MSW 
57% 

Figure 22. City of Seattle Analyzed Waste by Type of Waste (Tons) 

Garbage 62% 

Yard Waste 15% 

Total Analyzed Waste = 231,544 Tons 
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Figure 23. City of Seattle Net Costs of Managing Analyzed MSW by Functional Area (FY 1992$) 

Collection and 
Processing 

52% 

10% 

G & A 14% 

Promotion and Education 

1 %  

Total Net Cost of Managing Analyzed Waste = $30,200,000 or an average of $130/ton 

Figure 24. City of Seattle Allocation of Net Costs by Type of Waste (FY 1992$) 

Yard Waste 13% 

Garbage 72% Recyclables 15% 
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Figure 25. City of Seattle Functional Allocation of Net Costs by Type of Waste (FV 1992$) 
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Sevierville, Tennessee 

Economy 

Tourism drives the economy of this area, but it also has an industrial park with several industries. 

Institutional Arrangements 

Sevierville is located in Sevier County, Tennessee, and is the county seat. In December 1988, Sevier 
Solid Waste, Inc. (SSWI), a not-for-profit corporation, was formed as an intergovernmental venture 
between the county and three of the four cities in the county to address solid waste management in 
the county. SSWI owns the MSW facilities currently serving the entire county. Respective quantities 
of waste managed in the SSWI facilities are used to determine the relative amount paid by each 
government entity for use of the SSWI facilities. 

System Components 

The city's IMSWM system components include curbside garbage and bulky waste collection, 
commercial corrugated collection, and drop-off sites for recyclables and used motor oil. There is a 
corrugated processing and baling facility, and a co-composting facility that processes mixed MSW,
sewage sludge, and grease using rotating drum digesters. The facility also employs manual and 
mechanical screening and aerated bays. The system components also includes two landfills. The 
Class I landfill, which meets RCRA Subtitle D requirements, is used for disposal of primarily residue, 
along with some bypass waste from the compost facility. The unlined Class IV landfill is used for 
disposal of construction and demolition debris and bulky waste. Metals, white goods, wood waste 
and tires are recovered at the Class IV landfill. 

Results 

Figures 26, 27, 28, 29 and 30 graphically present the results of the cost analysis of Analyzed MSW 
management for the city of Sevierville. The average net cost to manage 10,300 tons of Analyzed 
MSW was $106 per ton, in fiscal year 1992 dollars. The following table illustrates the average cost 
per ton for each category of waste analyzed. 

Table 14.  City of Sevierville - Average Costs Per Ton (FY 1993/94 $) 

Category 

Garbage 

Corrugated 

Total/Average 

Tonnage 

10,280 

31  

10,311 
The incremental costs (savings) are shown below: 
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Total Cost 

$1 .076 million 

$16,560 

$1.092 million 

Total Cost/Ton 

$ 1 05 

$534 

$106 



Table 15. City of Sevierville - Program Incremental Costs (Savings) and Diversion 

(FY 1 993/94 $) 

Tons Program Incremental Diversion from 
Managed Costs Landiill 

$ % Tons % 

OCC Recovery Program 3 1  14,750 1 .4% 3 1  0.3% 

10,280 221 ,680 25.5% 7,082 69% 

Table 16 summarizes the results of the energy analyses performed in the Sevierville case study. 

Table 1 6. City of Sevierville - Energy Consumed for Managing Analyzed MSW 
(FY 1 993/94 Equivalent Diesel Gallons Per Ton) 

Activity 

Collection Vehicles 

Garbage 

Corrugated 

Subtotal 

Facilities 

Recycling Warehouse 

Composting Facility 

Class I Landfill 

Subtotal 

Haul to Markets [bl 

Compost 

Corrugated 

Ferrous 

Subtotal 

Total 

Garbage 

1 .75 

NA 

1 .75 

N/A 

2.53 

0.17 

2.70 

0.08 

N/A 

0.02 

0.10 

4.55 

Equivalent Diesel Gallons Per Ton 

Commercial Total Analyzed MSW 
Corrugated 

NA 1 .75 

7.38 0.02 

7.38 1 .77 

4.41 0.01 

N/A 2.52 

N/A 0.17 

4.41 2.70 

N/A 0.08 

2.20 0.01 

N/A 0.02 

2.20 0. 1 1

13 .99 4.58 
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Notes: 

[a] Energy content of diesel fuel asswned to be 146,390 Btus/gallon. Quantity of garbage in Analyzed, MSW is 10,280 
tons. Quantity of conunercial OCC in Analyzed MSW is 3 1  tons. 

[b] Includes energy consumed to haul materials to first destination after leaving Sevier Solid Waste Incorporated site. 
For compost and OCC, the first destination is the end-user/rernanufacturer. This destination for ferrous is an 
intermediate processor. Data on energy consumption at the intermediate processing facility and energy consumed 
while hauling the ferrous to a rernanufacturer was not available. 
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Analyzed MSW 
75% 

Figure 26. City of Sevierville Total Waste (Tons) 

Total = 13,751 Tons 

Non-analyzed MSW 
25% 

Figure 27. CHy of Sevierville Analyzed Waste by Type of Waste (Tons) 

Garbage 99.70% Recyclables 0.30% 

Total Analyzed Waste = 10,311 Tons 
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Figure 28. CHy of Sevierville Net Costs of Managing MSW by Functional Area (FY 1993/94$) 

Composting Facility 

32% 

Garbage Collection 
. 38% 

Class I Landfill 19% 

occ 
Collection/Processing 

2% 

Total Net Cost of Managing Analyzed Waste = $1,092,333 or $105.93/ton 

Figure 29. CHy of Sevierville Allocation of Net Costs by Type of Waste (FY 1993/94$) 

Garbage 98.5% Corrugated 1 .5% 
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Figure 30. City of Sevierville Functional Allocation of New Costs by Type of Waste (FY 1 993/94$) 
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Springfield, Massachusetts 

Economy 

Historically, machinery, electrical equipment, and printing has served as economic mainstays, but 
there is also a significant amount of employment in finance, real estate, insurance and higher 
education. 

Institutional Arrangements 

The city owns and operates a yard waste composting operation, and owns a privately operated landfill 
used primarily for ash disposal. The city manages the collection, processing and disposal of MSW 
through the Department of Public Works. A regional WTE facility, privately owned and operated, 
serves ten surrounding communities, including Springfield. A privately operated regional material 
recovery facility (MRF), owned by the Commonwealth of Massachusetts, receives the city's 
recyclables at no cost since the Commonwealth pays all the capital and operating costs. The city's 
nonrecyclable bulky wastes are disposed at a privately owned and operated landfill located outside 
of the city. 

System Components 

The city's IMSWM system components include curbside garbage collection, and mandatory yard 
waste and recyclables collection. On-call bulky waste collection, office paper collection from city 
offices, and yard waste drop-off sites are also provided. HHW is collected on an annual collection 
day. The system components also include a MRF, a mass-bum WTE facility, and a white goods
preparation and storage area. There is a source-separated yard waste compost facility, which uses a 
low-tech windrow approach, with a windrow turner that rotates the material three times a week. Two 
landfills are included in the system components. One landfill, with a double liner system, accepts 
primarily ash and bypassed MSW from the WTE facility. The other landfill accepts non-recyclable 
bulky waste. 

Results 

Figures 3 1, 32, 33, 34 and 35 graphically present the results of the cost of Analyzed MSW 
management for the city of Springfield. 

The average net cost to manage 59,900 tons of Analyzed MSW was $120 per ton, in fiscal year 1993 
dollars. The following table illustrates the average cost per ton for each category of waste analyzed. 

Table 17. City of Springfield - Average Costs Per Ton (FY 1993 $) 

Categor;r Tonnage Total Cost Average Cost/Ton 

Garbage 44,700 $5.6 million $ 125 

Recyclables 7,580 $1 .01 million $ 1 36 

Yard Waste 6,810 $0.38 million $ 57 

Bulky Waste 807 $0.16  million $ 1 97 

Total/Average 59,900 $7.17 million $120 
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The incremental costs (savings) are shown below: 

Table 1 8. City of Springfield - Program Incremental Costs (Savings) and Diversion 

(FY 1 993 $) 

Tons Program Diversion from 
Managed Incremental Costs Landfill 

$ % Tons % 

W1E Program 45,677 322,500 4.7% 30,546 50% 

Curbside Recycling Program 6,958 774,500 12. 1 %  6,958 12% 

Yard Waste Composting Program 7,5 1 5  274,000 4.0% 7,5 15  13% 

Wastepaper Recycling Program 22 1 ,496 0 22 0 

509 509 0.8% 

The primary forms of energy used within Springfield's IMSWM system are transportation fuel for 
collection, haul to market, and facility vehicles; number 2 fuel oil, and electricity. The information 
was collected from the city and operators of the MRF, RRF, etc. Some engineering estimates were 
made to supplement the data received. The following table summarizes the energy consumption for 
collection of garbage, bulky waste, office paper, and recyclables. 

Figure 1 9. City of Springfield - Energy Consumed to Collect Garbage, Bulky Waste, 
Office Paper, and Recyclables in Springfield 
(FY 1 993 Equivalent Diesel Gallons Per Ton) 

Variables Garbage Bulky Yard 
Waste Waste 

Tons Collected 44,707 1 ,3 1 6  6,8 14 

Diesel Fuel Consumed 46,598 3,617  3,601 
(gallons) 

Millions of Btus 6,820 530 450 

Gallonsffon 1.0 2.7 .04 

Note: Conversion to millions of Btus assumes 146,390 Btus per gallon 

Source: City of Springfield - DPW, "Determinations of Fiscal Year 1993 Total Costs for Various Solid Waste 

Programs," Computer Printout, August 20, 1993. 
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Figure 31. City of Springfield Total Waste (Tons) 

Analyzed MSW 98% 

Total = 61,230 Tons 

Non-analyzed MSW 

2% 

Figure 32. City of Springfield Analyzed Waste by Type of Waste (Tons) 

Bulky Waste 2% 

Recyclables 12% 

Garbage 75% 

Yard Waste I I %  

Total Analyzed Waste = 59,907 Tons 
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Figure 33. CHy of Springfield Net Costs of Managing Analyzed MSW by Functional Area (FY 1993$) 

Waste to Energy 30% G & A  16% 

Composting 2% 

Landfill 7% 

Other 1% 

Collection 39% 

Total Net Cost of Managing Analyzed Waste = $7.17 million or $120/ton 

Figure 34. City of Springfield Allocation of Net Costs by Type of Waste (FY 1993$) 
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Figure 35. City of Springfield Functional Allocation of Net Costs by Type of Waste (FY 1 993$) 
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