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EXECUTIVE SUMMARY

Introduction

This report presents the results of the review and analysis undertaken by
R. W. Beck, Inc. (“R. W. Beck”) of waste disposal options currently being considered
by King County’s Department of Natural Resources and Parks, Solid Waste Division.
The Solid Waste Division is charged with the proper management of solid waste
generated in the County and has developed a comprehensive solid waste management
system that includes recycling, collection, transfer, and dj al components.

At the present time, the County’s principal means posal is the County-owned

remaining life until around 2016. With approxi e years of remaining
disposal capacity, the County is considerin
would be available by 2016. The Cow
following options:

1. The intermodal transfer and

landfills located outside the Co ‘ . xport Disposal Option”).
2. id wa: facility that would be capable of
mto a form of recoverable energy (the
This rep : “review of certain issues related to these two
disposa TN 0] year study period of 2016 to 2036.
Purpos

It is important to note that at the County’s current stage of planning for future disposal
capacity, it does not intend to make a final decision based on the results of this report.
This report has focused on: 1) providing information to assist decision-makers in their
understanding of the two disposal options; 2) explaining the interrelationship of the
disposal options to the County’s recycling program and its transfer station and transfer
fleet; and 3) providing planning estimates of capital costs, operating expenses, and
operating revenues associated with the two disposal options under consideration.

R ECK
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EXECUTIVE SUMMARY

Overview of the System

At the present time, the County is responsible for the proper management of the
estimated 1,775,000 tons per year of solid waste that are currently being generated
within the County. The County is managing this situation through two principal
means:

1. Recycling — Approximately 770,000 tons of solid waste are currently being
recycled by means of a series of recycling programs the County has implemented
as described in Appendix A. The County estimates that it is currently recycling
approximately 44.6 percent of the total waste being generated.

2. Landfilling — Approximately 1,005,000 tons of waste are being disposed of in the
County, with most of this material being disposed of at the Cedar Hills landfill.
This represents approximately 55.4 percent of the solid waste being generated in
the County. Most of this waste is suitable for disposal by elth he two options
considered in this report.

The portion of the solid waste stream requiring disposal is«€ being collected by
both private and public haulers and then delivered to g ' County’s eight
transfer stations or directly to the Cedar Hills landfili ; A '

Overview of Waste Export

While there are several options ava,
in order to estimate costs and
assumed the Waste Export
transfer facility developed, op

ntermodal capacity,
os¢ of this report, we have
Id involve an intermodal waste
the County, and located on a site
accessible to one o nnlines that serve King County.
“Intermodal” refersgh \ rized solid waste will be transferred
from trucks to rai " tansfer operation. Solid waste collected in the

containers, and then tr;ﬁ@ ferr e intermodal facility via transfer trailer trucks. At
an intermodal facility, all lid waste will be loaded onto intermodal container
rail cars. When a full train*ef rail cars has been loaded, the train will transport the
waste to a privately owned regional landfill. At the landfill, the containers will be
unloaded at the working face of the landfill and the empty containers will be placed
back on the rail cars and retured to the intermodal facility.

The transfer and transportation of solid waste via an intermodal facility is a
well-proven method of solid waste disposal with relatively low risk of technology
failure.

Overview of Conversion Technology Disposal Option

For the purpose of this report, “Conversion Technology” refers to a process which
converts solid waste from a waste product to a useful form of energy and/or useable

ES-2 R.W. Beck 001640 | 11-01056-10004 | 6/8/2007



EXECUTIVE SUMMARY

byproduct, generally with some residual, unusable component that must bé sent for
disposal.

As 1s discussed in Section 3 of this report, a number of different Conversion
Technologies are currently being promoted by various vendors. The Conversion
Technologies can generally be subdivided as follows based on the type of process:

1. Thermal
2. Biological
3. Chemical

The County directed R. W. Beck to review currently available information on all
Conversion Technologies for the purpose of identifying the Conversion Technologies
that merit the County’s further review and consideration. In order to qualify for
further review, a Conversion Technology had to be “commercially proven.” The
County defined commercially proven as facilities that have been constructed and
successfully operated for at least three years at an ope size or scale suitable for
the quantity and composition of the County’s projeg waste stream.

With these criteria in mind, we reviewed the
of which are described in detail in Section

1. Thermal-based

ersion Technologies, all

a. Pyrolysis
b. Gasification
c. Plasma Arc
d. Mass Burn
1. Modular

Steam Classification/Autoclave
f. Catalytic Cracking

Of these 14 Conversion Technologies, we identified three as having sufficient
operating experience in the size required to meet the County’s waste disposal
requirements. These three commercially proven technologies ere evaluated in depth in
this report:

®  Mass Burn — Waterwall

B RDF

m  Advanced Thermal Recycling

Of the 11 remaining Conversion Technologies, we identified five technologies that we
believe merit further monitoring by the County in the event that a large, operating

001640 | 11-01056-10004 | 6/8/2007 ) R. W. Beck ES-3



EXECUTIVE SUMMARY

facility comes on-line. In such an event, the County would have additional
information and data to evaluate. The five technologies that we believe merit further
monitoring by the County are: '
Gasification

Plasma Arc

Anaerobic Digestion

Waste-to-Ethanol

Steam Classification/Autoclave

In our opinion and for the reasons discussed in Section 3, the balance of the
Conversion Technologies do not merit further monitoring by the County at this time.

Number and Size of Conversion Facilities

Selecting the correct number and capacity of Conversion Fa
of different trade-offs that will require consideration by th

olves a number
he arguments in

1. Greater redundancy for the solid waste managem ole, both in
terms of waste disposal and energy gene '

2. Reduced cost of transporting waste fron it_of egllection to the point of
disposal.

3. Reduced impact on just ongl ofthe County associated with traffic,
noise, odors, and litter.

4. Smaller facilities pOSE ditional disposal capacity in smaller
increments as :

5. Increased annual disposal capacity of the entire solid waste
management syst i greater number of processing lines.

Arguments for larger Conv cilities in fewer locations are as follows:
1. Due to economies of scale, larger facilities will experience:

a. lower capital costs on a dollar per ton of installed capacity basis

b. lower operating expenses on a dollar per ton of waste basis

This in turn should result in a lower overall cost to the County

2. Siting fewer Conversion Facilities will be less expensive and time-consuming for
the County.

Because of the significant cost savings, the ability of a single Conversion Facility to
meet the disposal capacity requirements, and the projected quantities of waste in the
County, we have assumed for the purpose of this report that the County would
implement a single facility sized at 3,200 TPD. Nevertheless, for the reasons cited
above, this is a decision the County would want to carefully consider.

ES-4 R. W. Beck 001640 | 11-01056-10004 | 6/8/2007



EXECUTIVE SUMMARY

Effect of Recycling on Conversion Technologies

The County has identified plans to increase its recycling rate above the current level of
44.6 percent. For the planning purposes of this report, the County advised that
R. W. Beck should assume the percentage of recycled material will increase by an
average of 0.3 percent per year (the “Base Case” recycling level). The County’s
recycling goal is a critical factor that would need to be addressed in greater detail
before making any decision regarding the actual implementation of a Conversion
Technology.

As is discussed in Sections 6 and 7 of this report, we have assumed the County will
take the steps required to reach the Base Case recycling level. Our analysis indicates
that if the County is able to achieve its goals and increase the Base Case of recycling
from 44.6 percent in 2007 to 47.3 percent in 2016 and 53.3 percent by 2036, the
County will be able to reduce the size of a Conversiom Technology in 2016 from
3,700 tons per day (TPD) to 3,200 TPD and in 2036 y quire disposal capacity of
4,700 TPD instead of 5,600 TPD. This has the po ave the County hundreds
of millions of dollars in capital costs and op ses over the life of a
Conversion Facility or during the study perig port Disposal Option.

In developing the information on the po a) 11y of recy¢lihg on a Conversion
Facility, our analysis that:

1. Based on the Waste Characte
are currently additional recyc ounty waste stream that should

level.

2. There is a suf] waste being generated in the County that
itséBase Case recycling level while implementing

et amount of energy the Conversion Facility could generate,
depending types of materials that are actually targeted by the County for

recycling.

4. If the County increased the level of recycling from the Base Case to 70 percent,
there would be a small shortfall in the amount of waste required to operate a
3,200 TPD Conversion Facility. Under this scenario, it should be anticipated that
there would be a modest impact on the net amount of energy the Conversion
Facility could generate. The County might address this shortfall by accepting
waste from other jurisdictions or by deciding to construct a smaller Conversion
Facility that would be compatible with the increased level of recycling.
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EXECUTIVE SUMMARY

Decisions the County makes regarding the level of future recycling will be very
important for the following reasons:

1. If the County targets a recycling level which is lower than what it actually
achieves, the County could have unutilized disposal capacity at a Conversion
Facility, thereby potentially underutilizing millions of dollars of investment.

2. If the County targets a recycling level which is higher than what it actually
achieves, the County could find itself in a situation where it does not have
sufficient disposal capacity to meet its needs.

3. The timing of when additional disposal capacity may be required after 2016 could
be impacted by the actual level of recycling that is achieved.

Need for Backup Disposal Capacity

It is important to note that if the County proceeds with a Con
future time, it will not eliminate the need for access to some
Landfill disposal capacity would be required for the follow

Facility at some
isposal capacity.

1. Disposal of non-processible waste (construg material,
oversized items, etc.) that the Conversion Facil N
that this could range from 5 to 9 per ' eam in the County’s

transfer system.

2. Disposal of solid waste during p
thereof, is down for schedule
quantity exceeds the stg
Conversion Facility dispos
Conversion Facilitie
approximately
designed to ha
storage capacity

capacity in the transfer and
ssigned, constructed, and operated

rom the conversion process. Any of the three
identified Conversion ogies should be able to reduce the volume of waste
by approximately 90 percent. However, the remaining residue material will likely
be equal to 25 to 30 percent of the weight of the incoming waste. Unless and until
a beneficial use can be found for such residue material, it will have to be
landfilled. Section 9 of this report discusses different approaches to the
management of residue material in Washington State.

3. Disposal of residue

Energy Generation

Both of the disposal options that are considered in this Report have the potential to
generate some form of energy.

For the Waste Export Disposal Option, we have assumed the County will deliver its
solid waste to a privately owned regional landfill. As the County’s waste decomposes
in a landfill, it will produce methane gas which can be captured, cleaned, and used to
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EXECUTIVE SUMMARY

generate electricity. Based on a series of planning assumptions described in
Section 12, we estimate that the County solid waste could generate approximately
39 million British thermal units (MMBtu) of energy during the study period 2016 to
2036. We further estimated that the value of such gas to a private electricity generator
could be approximately $118 million (2007 dollars) during that 20-year study period.

It is important to note that it is highly likely that the landfill could continue to generate
gas from County waste for at least 40 years after the County stops delivering solid
waste to the landfill. We have not included the additional 40 years of gas generation
after 2036 in our comparative analysis in order to facilitate the comparison between
options.

It should be further noted that the County may or may not experience any financial
benefit from the sale of landfill gas. Because the landfill itself, the landfill gas
collection equipment, and the power generation equipment would all be owned by
private parties, no landfill gas revenue will accrue directly to the County. We are not
able to determine whether such landfill gas reve 1l be reflected in a lower
disposal fee to the County.

However, the County would realize the i ity generation from a
Conversion Facility that the County ow f S
assumptions set forth in Section 12 regardit
solid waste, and annual plant availabilities,
could generate approximately 1

timate that a Conversion Facility
electrical energy between 2016

$662 million, express
processes approxi
Conversion Facili
per ton. Thegg reven
expenses of

f waste per year, the net value of the
he County would be approximately $31.50

Similar Disposal Option, a Conversion Facility should be
expected € generating electricity well beyond the initial 20-year
planning period hi§ report. In our opinion, a properly designed, constructed, and

operated Conv Bacility could have a useful life approaching 50 years.

Comparative Costs

While a Conversion Facility may be expected to generate considerable revenue over
the 20-year planning period of this report, it will have a substantial capital cost and
operating and maintenance expenses. As discussed in Section 11 of this report, the
last new Conversion Facility constructed in the United States came on-line in 1995, so
much of the construction cost information is dated. Based on our discussions with the
vendors of Conversion Facilities, we estimate that the capital cost of the three
Conversion Technologies discussed in this report could range as follows:
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EXECUTIVE SUMMARY

2007 Capital
Conversion Cost Range
Technology ($ millions)
Mass Burn WTE $460-$520
RDF WTE $560-$610

Advanced Thermal Recycling ~ $520-$560

The capital cost of an intermodal facility necessary for the Waste Export Disposal
Option is estimated to be in the range of $15 million to $20 million (2007 dollars), or
approximately 4 percent of the capital cost of the least expensive Conversion Facility.
None of these capital cost estimates includes either the cost of property or the cost of
capital (debt service).

ee Conversion
e scope of this
and would cost

The development of detailed construction cost estimates for
Technologies and the Waste Export Disposal Option was well bey
report. Such estimates would require three to six months t
well in excess of $100,000 to prepare.

Based on estimates of capital cost, cost of residue as gs from energy
production, operation and maintenance costs, and
developed a net present value (NPV) calculation for
in its evaluation of the comparative costs. B tso
disposal option are shown in the following t

PV calculation for each

Net Present Value per Ton

Disposal Option ($2016)
Mass Burn $39-$55
RDF $56 - $71
Advanced Thermal Recyciy $51 - $67
Waste Export ' $1,136 - $1,260 $43 - $47

It is important to recognize that the NPV is not an estimate of the actual cost to the
County of each disposal option; it is an estimate of the value of the option considering
the time value of money. Further discussion of the concepts and limitations of this
analysis 1s included in Section 15 of this report.

Net Emiss_ions

The air quality implications of the disposal options were evaluated through a review of
rates of emission of various air pollutants. Pollutants were divided into three
categories: 1) criteria pollutants — those with published ambient air quality standards;
2) air toxic pollutants — human health pollutants with no ambient standards; and 3)
greenhouse gases — pollutants that are not normally considered toxic, but thought to
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contribute to the earth’s climate change. Conversion Technologies would emit
pollutants directly during the study years. Developing an estimate of emission rates
for criteria pollutants and air toxic pollutants is straightforward, based on the quantity
of waste converted and an emission factor for each pollutant. For the landfill gas
technologies associated with the Waste Export Disposal Option, however, since the
gases continue to be generated for many years after the 20-year study period has
ended, the estimation of emission rates considered gases derived from the wastes
generated during the study period out to the year 2200.

For greenhouse gases, we used an EPA method, based on international scientific
consensus, where emission rate estimation for Conversion Technologies includes only
those emissions that do not come from sustainably harvested biogenic sources. For
Conversion Technologies this essentially means that the majority of greenhouse gas
emissions are carbon dioxide resulting from the combustion of plastics and materials
of mixed origin. Wood, paper, food scraps, and othembiogenic materials would
decompose naturally and ultimately produce the samei greenhouse gas emissions, so
they are not counted in the emission inventory; andfills, plastics do not
decompose appreciably, so they do not prod gases. However, the
ne, a much more potent

greenhouse gas than carbon dioxide pr¢
would not occur under natural aerobic dec
in the inventory, even if the origing

Two other important

emissions” and “c the options involving energy recovery are

given credit for emissios ided from other sources that would be needed to
generate th storage only applies to landfill alternatives,
where the carbon that was in the natural biogenic cycle of
growth a gd beneath the surface and will not decompose in the

would be expected to be well controlled and not produce any significant human health
or human welfare impacts. The Conversion Technologies are estimated to generally
have higher criteria pollutant emissions than landfill gas technologies, with the
exception that volatile organic compound emissions from landfills are much higher
than from the Conversion Technologies.

Alr toxic pollutant emissions from all options would be expected to be able to be well
controlled and not pose any significant human health impacts. However, landfills
would be expected to have significantly higher air toxic emissions than Conversion
Technologies due to the large volumes of fugitive landfill gas that are unavoidable
with even the best landfills.

Solid waste is a product of human civilization and results in greenhouse gas emissions.
Any properly developed solid waste management plan should be able to reduce the

001640 | 11-01056-10004 | 6/8/2007 R. W. Beck ES-9



EXECUTIVE SUMMARY

potential global impact of the gases that could be produced by this waste. The modern
landfill alternatives considered here, with active gas collection systems and estimated
80 percent gas capture, are estimated to produce less greenhouse gas emissions than
the Conversion Technologies. This conclusion disagrees with information provided
by some other researchers, who have found greenhouse gases from Conversion
Technology alternatives to be on par or better than landfill alternatives. We believe
the difference in conclusions is explained by: 1) the modern design of the landfills
considered here, compared with national average landfills that do not collect as much
of the landfill gas; and 2) the relatively low avoided emissions in Washington State
compared with other states where a higher percentage of the electricity is generated
from coal combustion.

Major Report Conclusions

This report resulted in more than 30 principal findings as listed
conclusions derived from these findings are as follows: ‘

tion 16. The key

B The three Conversion Technologies and the Wast 1 Option are
each capable of handling the quantity and compo i nty waste
stream while meeting all applicable permit requi

m  The Conversion Technologies are co i inefeased County recycling
efforts up to a 70% recycling rate.

m  The Conversion Technologies are
Disposal Option.

B An informed decision o equire a more detailed analysis to
refine conclusions feristics not covered in this report.
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Section 1
INTRODUCTION

This report presents the results of the review and analyses undertaken by
R. W. Beck, Inc. (R. W. Beck) on behalf of King County’s Department of Natural
Resources and Parks, Solid Waste Division. Portions of the report were prepared by
the following firms working as subconsultants to R. W. Beck:

m  Sound Resource Management
®m  Geomatrix '

B Power Waste Recovery

Purpose

The purpose of this report is to review av i ation, regarding current and
emerging technologies for the processin i
as potential disposal alternatives to the la
out-of-county landfill (“Waste Expgst”

municipal solid waste at the Ce i Landfill, which is located in the
County. Based on the current rate
landfill that is currently g

end of its useful operating life in 2016. The
want to continue landfilling waste in the

conversion facility to be constructed in the County
logy Disposal Option™).

More specifically, the purpose of this report is to: 1) identify commercially proven
Conversion Technologies in the size range required by the County; 2) identify how
large a Conversion Technology facility (“Conversion Facility”) would be required to
meet the County’s waste disposal requirements; 3) consider the potential impact on a
Conversion Facility as the County proceeds with the implementation of its proposed
recycling programs; 4) identify the potential range of capital and operating costs of the
Conversion Technology and Waste Export options; 5) identify the amount of energy a
Conversion Facility could be expected to generate and the level of revenues the
County could receive through the sale of that energy; and 6) compare the estimated
range of net air emissions of the Waste Export Disposal Option with the Conversion
Technology Disposal Option during the 20-year planning period of this report.

RWECK
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Section 1

We used criteria provided by the County to select Conversion Technologies for more
in-depth consideration, after an initial review of all potential Conversion
Technologies. These criteria required that the Conversion Technology had to be
“commercially proven.” The County defined commercially proven as facilities that
have been constructed and successfully operated for at least three years at a scale
similar to the County’s projected waste stream.

Scope

In preparing this report, R. W. Beck performed the work pursuant to the terms and
conditions set forth in the Agreement for Professional Services for Work Order
Multidisciplinary Engineering Services for SWD Planning and Implementation,
Contract No. E53023E dated September 5, 2005. The specific scope of services for
this work was identified in Work Order No. 6 — Comparative Evaluation of Waste
Export and Conversion Technologies Disposal Options — S of Work dated
December 19, 2006. The scope of work included subtasks th for R. W. Beck
to undertake research and analysis on the following to ; compare the
disposal options:

* Type and Quantity of Acceptéble Waste

= Conversion Technology Review and Selg
» Annual Availability of Conversion Fac
= Compatibility of Recycling Pr
= Number and Size of Cony, i 1d Waste Export Facilities

» Percent of Waste That is s ksion Facilities

= Estimate of Net Air
» Estimated Capital and Oprating Costs

= Projected Energy Revenues

» Transfer Station Collection/Transportation Infrastructure
= Estimated Facility Siting and Permitting Costs

Following the execution of Work Order No. 6, the County directed R. W. Beck to also
prepare a comparative cost analysis that summarized the planning estimates developed
in various sections of the report.
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INTRODUCTION

Nature of Review

In undertaking the analysis associated with completing the 15 subtasks identified
above, R. W. Beck undertook the following efforts:

1.

10.

1.

Contacted vendors who offer different types of Conversion Technologies to
obtain information on historical level of performance and estimated capital
and operating costs.

Reviewed available reports prepared by others regarding the Conversion
Technologies.

Relied upon our own previous experience in reviewing Conversion
Technologies for other clients.

Visited Germany to review the actual operation of the advanced thermal
recycling Conversion Technology.

Utilized data and information we have d
regarding the operation of mass
Conversion Technologies.

d during the last 25 years

Contacted the operator of the ishi nversion Facility to
obtain historical operating data. )

Contacted the Washingt
on permit requirements an

of the price of power in the

sloped planning estimates of the potential air
xport and Conversion Technology disposal

proposed recycling goals up to 2036, the County’s
zation Study, and the County’s estimate of future waste

Prepared mmary comparative cost analysis of the disposal options.
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Section 2
SOLID WASTE QUANTITY AND COMPOSITION

This section of the report presents the results of the review R. W. Beck has performed
regarding the quantity and composition of solid waste currently being disposed of by
the County at the Cedar Hills Regional Landfill. The quantity and composition of the
solid waste are important in identifying:

1. What percentage of the waste stream is actually processible by any particular
Conversion Technology.

2. The amount of non-processible waste that will have to be landfilled.

What portion of the waste stream currently bei
able to be recycled in the future and how th
impacted by increased recycling.

nt for disposal might be
ersion Technologies would

At the end of this section is a summary tab ' utlines the projected
: projection is a snapshot

based on the assumption that the compositio has not significantly
changed between 2003 and now ot change between now and 2036
The information in Table 2-3 is use¢ ctions of this report as a basis for
assumptions about future recychn arting point for determining the
prOJected quantltles and i sed of in future years. To arrive at

y a Conversion Facility, future additional
levels of recycled ted from the estimated quantities shown in

Table 2-3.

ey gnmate of the amount of municipal solid waste which would
potentially be “ac¢ for each Conversion Technology, R. W. Beck reviewed the
results of the Waste ( racterization Study performed by the County in 2003. We believe
the Waste Characterization Study provides sufficient breakdown of waste categories for
the planning purposes of this report. Table 2-1 presents a summary of the results of the
Waste Characterization Study. Since this information represents the composition of waste
that was delivered to the Cedar Hills landfill, after the County removed waste categorized
as “unacceptable” waste, Table 2-1 is assumed to show the composition of future
“acceptable” waste at a Conversion Facility. To determine the composition and quantity
of waste that would actually be processed by a Conversion Facility in King County, future
recycling efforts (Section 7) and non-processible waste based on the particular Conversion
Technology (Section 6) are subtracted from this composition.

RWRECK
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Section 2

Table 241
Results of King County’s 2003 Waste Characterization Study
Percent Percent by
Category Tons by Weight Category Tons Weight

Paper 218,452 23.24% | Metal 65,271 6.94%
Newspaper 25,362 - 2.70% | Aluminum cans 3,532 0.38%
OCC/Kraft paper 43,338 4.61% | Other aluminum 1,995 0.21%
Low-grade recyclable paper 58,606 6.23% | Tinned food cans 6,973 0.74%
High-grade printing paper 15,277 1.63% | Other ferrous metal 22,367 2.38%
Bleached polycoat paper 2,981 0.32% | Other nonferrous metal 690 0.07%
Paper/other materials 15,278 1.63% | Mixed metals/materials 29,180 3.10%
Compostable paper 52,054 5.54% | Gas metal cylinders 534 0.06%
Gift wrapping paper 415 0.04% | Other Wastes 100,358 10.68%
Other paper 5,141 0.55% | Construction/demolition wastes 38,826 4.13%
Plastic 101,465 10.79% | Ashes 1,429 0.15%
PET #1 plastic bottles 5,981 0.64% | Nondistinct fines 10,584 1.13%
HDPE #2 plastic bottles 4,739 0.50% | Gypsum wallboard 8,483 0.90%
Other plastic containers 6,674 0.71% | Furniture/mattresses 25,572 2.72%
Polystyrene foam 3,974 0.42% | Small appliances 7,765 0.83%
Plastic film and bags 47,027 5.00% | Printers/copiegs? 03 0.12%
Other plastic packaging 5,812 0.62% 8 0.13%
Plastic products 13,919 1.48% 5,388 0.57%
Foam rubber/padding 2,978 0.32% 5,607 0.60%
Plastic/other materials 10,361 1.10% 411 0.04%
Organics (woodlyard/food) 320,230 34.07% 0 0.00%
Dimensional lumber 238 0.03%
Treated wood 475 0.05%
Contaminated wood 313 0.03%
Roofing/siding 105 0.01%
Stumps 44 0.00%
Large prunings Adhesives/glues 478 0.05%
Yard Wastes Cleaners and corrosives 184 0.02%
Other wood Pesticides/herbicides 200 0.02%
Food wastes Gaslfuel oil 66 0.01%
Other Organics ! 4 10.67% | Antifreeze 35 0.00%
Textiles/clothes 1 1.99% | Medical waste 481 0.05%
Carpet/uphoistery/other textiles 25,192 2.68% | Computer monitors 172 0.02%
Disposable diapers 25,754 2.74% | Televisions 1,621 0.17%
Rubber products 2,379 0.25% | Cell Phones 176 0.02%
Tires 3,553 0.38% | Laptops/LCD monitors 85 0.01%
Animal carcasses 52 0.01% | Other Hazardous 523 0.06%
Animal feces 18,443 1.96% | Total 940,027 100.00%
Miscellaneous organics 6,219 0.66%
Glass 28,304 3.01%
Clear glass containers 9,674 1.03%
Green glass containers 4,281 0.46%
Brown glass containers 5,057 0.54%
Other colored glass containers 45 0.00%
Other glass 9,247 0.98%

Source: King County Department of Natural Resources and Parks, Solid Waste Division.
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SOLID WASTE QUANTITY AND COMPOSITION

Waste Disposal Quantity Projections

We reviewed information provided by the County regarding the County’s projection
of the quantity of waste it anticipates will be generated in the County during the period
of 2016 to 2036. These projections were created from a regression model used by the
County and assume an average increase in the recycling rate of 0.3% per year.
Selected years from the County’s projections are presented in Table 2-2.

Table 2-2
Projected Waste Disposal Quantities

Year Projected Waste Disposal Quantity
(thousands of tons)

2016
2021
2026
2031
2036

To determine the wa; i for the planning period, we applied
the general position  percentages from the Waste
Characterization Stu te projections for the planning period. This

methodolog hange to the composition of the waste stream
will occy 36. The resulting composition presented in Table 2-3
is a sna : 10} ing County waste stream and is used as a basis for
future assumptions 1 eport, including increases in the level of recycling.
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Section 3
REVIEW OF CONVERSION TECHNOLOGIES

The County is evaluating waste conversion technologies (“Conversion Technologies™)
as a possible disposal alternative to rail haul from the County to landfills located
outside the County. For the purpose of this report, Conversion Technologies are
defined to include both commercially demonstrated combustion technologies as well
as emerging technologies which utilize thermal, biological and chemical conversion.
In recent years, various venders have proposed a number of new Conversion
Technologies as potentially viable waste management alternatives. R. W. Beck
conducted a review of these technologies which included: 1) reviewing published
information regarding both commercially demonstrate. d emerging Conversion
Technologies; 2) contacted the vendors of certain em Conversion Technologies;
3) relying upon information R. W. Beck had pre eveloped; and 4) visiting
several types of facilities under review. Base __
County, R. W. Beck has classified each of -, ologies we reviewed
into one of three categories:

1. Proven technology that meg

2. Commercially unproven ars to have potential and that
merits ongoing monitoring

This sectio t ary of our review, the County’s selection
criteria ) éscrip’ti n of the various Conversion Technologies we
reviewed this report, our recommendations regarding the
categorizatio; nversion Technology, and a discussion of additional criteria
the County o consider if and when it decides to procure one of the

recommended ston Technologies.

Nature of Review

To review the Conversion Technologies, R. W. Beck: 1) relied upon our own
experience working on waste-to-energy projects in the solid waste industry,
2) reviewed pertinent literature, and 3) contacted vendors of specific technologies to
gather data for our review. These approaches are briefly described in the following
paragraphs.

RWRECK
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Section 3

R. W. Beck has extensive experience evaluating different solid waste processing
technologies. Facilities that we have evaluated include the following technologies:

B Waste-to-energy
m Mass burn, including

m Modular starved air
® Rotary combustors
m Field erected

m Refuse-derived fuel and material recovery plants including

Ferrous recovery — pre-incineration

= Aluminum recovery — eddy current separators
m Sorting and sizing — trommels, shredders, air classifiers
m Glass recovery systems

m Circulating fluidized bed combustors

B Co-disposal — sewage sludge and municipal solid
furnace

multiple hearth

Composting of municipal solid waste

Co-composting of municipal solid waste
Pyrolysis of municipal solid waste
Pyrolysis of tires

Municipal solid waste to

Plasma arc

Not all of the technolg uded as part of this review for the

R. W. Beck- also revie
publications reviewed as par

1shed information developed by others. The
t this report include:

1. Evaluation of New and Emerging Solid Waste Management Technologies
prepared for the New York City Economic and Development Corporation and
New York City Department of Sanitation — September 16, 2004.

2. Summary Report: Evaluation of Alternative Solid Waste Processing
Technologies prepared for the City of Los Angeles — September 2005.

3. Evaluation of Alternatives to and Identification of the Preferred Residuals
Processing System Recommendations Report for Durham/York Region —
May 30, 2006.

4. The Municipal Waste Combustion Industry in the United States-7" Edition
Resource Recovery Yearbook and Directory.
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REVIEW OF CONVERSION TECHNOLOGIES

5. Conversion Technology Evaluation Report prepared for the County of Los
Angeles — August 18, 2005.

6. European Union documentation provided by Councilmember Kathy Lambert.

7. Solid Waste Management and Greenhouse Gases: a Life Cycle Assessment of
Emissions and Sinks. U.S. Environmental Protection Agency.

Finally, R. W. Beck contacted vendors of different Conversion Technologies. In our
telephone contact with vendors, we used a data request form that asked for the
following information:

m  Process description

m  Number of facilities where technology is employed

m  Year the facility went into commercial operation

m  Size of facility

®  Type of waste processed

®  Need for front-end processing

m  Amount of process residue requiring ¢ incoming waste)

m  Annual plant availability " ‘ |

m  Type of recovered products

m  Net energy produced

m  Capital cost of t e disposal capacity)

m  Operating and ($/ton of waste processed)

n ' ent installed

]

[ developmental stage, date the technology is expected
ailable.

Criteria for Determining Conversion Technologies for

Further Review

Vendors are currently proposing a large number of emerging solid waste Conversion
Technologies. It would be prohibitively expensive for the County to request an in-
depth review of all the solid waste processing technologies currently being offered in
the marketplace. Therefore, the County identified four basic criteria that any
Conversion Technology was required to meet in order to qualify for further
consideration and review. Those criteria are as follows:

1. Previously demonstrated continuous capability of the technology, over a
minimum three-year period, to process the approximate quantities and
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composition of waste being managed by the County at the Cedar Hills
Regional Landfill.

Demonstrated capability of the technology to produce energy or another
byproduct for which there is a proven market and which could be sold in the
quantities that the facility will produce. '

Demonstrated capability of the technology, over a minimum three-year period,
to operate within the permit requirements that will be imposed by the state of
Washington.

Demonstrated capability, over a minimum three-year period, to produce a
residue product which can be disposed of or reused in accordance with state
solid waste handling requirements '

In addition to these four basic criteria, the County also advised that R. W. Beck should

consider the following issues:

1.

The facilities must utilize a technology which assur: will be able to

be in operation by 2016.

The report should discuss the minimum level ial which a

technology must accept.

Consideration must be given to the will be presented with
| in the County. There
will be some practical limit on the 1 that can be sited so

individual unit size should

sed plant size required for the
in operation) should be allowed.
e required to meet the County’s

County’s waste over t
However, the amg

requirement

The technolg or the possible installation of additional
processing ling nty’s waste quantities increase over time. The
processing line > of sufficient size so that such installations do not
have to be underta too frequent a basis, allowing the units to be operated

efficiently.

Conversion Technologies Reviewed

For the purpose of this report, we have subdivided the Conversion Technologies as
follows:

m  Thermal technologies

Emerging thermal technologies

Proven thermal technologies

®  Biological and Chemical technologies
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REVIEW OF CONVERSION TECHNOLOGIES

Presented below is a discussion of each of the Conversion Technologies R. W. Beck
reviewed and our recommendation on which technologies meet the County’s criteria
for further review.

Thermal Conversion Technologies

Thermal-based Conversion Technologies utilize higher temperatures and have higher
conversion rates when compared to other conversion processes. For the purpose of
this report, our review of thermal technologies included proven and emerging thermal
technologies. The proven thermal Conversion Technologies we reviewed are mass
burn combustion, refuse-derived fuel burmed in dedicated boilers, and advanced
thermal recycling as employed in Germany. The emerging thermal Conversion
Technologies we reviewed are pyrolysis, gasification, and plasma arc.

Emerging Thermal Conversion Technologies

The following paragraphs present a discussio
Conversion Technologies R. W. Beck reviewe
whether each technology should be further reg

three emerging thermal
ommendation regarding

Pyrolysis and gasification, though we i i echnologies in the
context of this report, are not new ese two technologies have been
used to process coal since the earl§ , ttempts were made in the 1970s to
apply pyrolysis to the processing 5) aste at several facilities in the
United States but those proje 1 due-to difficulties with the front-end
waste processing of ' application of these technologies to

solid waste feedstog
been applied for the¢
Japan and :

at produces pyrolytic oils and fuel gases that can be used
refined for higher quality uses such as engine fuels,
chemicals, adhest d other products. Solid residues from pyrolysis contain most
of the inorganic portion of the feedstock, as well as large amounts of solid carbon or
char. Pyrolysis typically occurs at temperatures in the range of 750°F to 1,500°F and
thermochemically degrades the feedstock without the addition of air or oxygen.
Because air or oxygen is not intentionally introduced or used in the reaction, pyrolysis
requires thermal energy that is typically applied indirectly by thermal conduction
through the walls of the containment reactor. The reactor is usually filled with an inert
gas to aid in heat transfer from the reactor walls and to provide a transport medium for
removal of the gaseous products.

directly as boi

The composition of the pyrolytic product is changed by the temperature, speed of
process, and rate of heat transfer. Lower pyrolysis temperatures usually produce more
liquid products and higher temperatures produce more gases. Slow pyrolysis is used
to maximize the yield of solid char and is commonly used to make charcoal from
wood feedstock. Fast or “flash™ pyrolysis is a process that uses a shorter exposure
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time to temperatures of approximately 930°F. Typical exposure times for fast
pyrolysis are less than one second. Rapid quenching of pyrolytic decomposition
products is used to “freeze” the decomposition products and condense the liquids
before they become low molecular weight gaseous products. This process results in a
product that is up to 80 percent liquid by weight.

Combustion of the gases produced during the pyrolytic reaction in a separate reaction
chamber release significant thermal energy. The thermal energy can produce steam
for electricity generation, heat the pyrolytic reaction chamber, or dry the feedstock
entering the reaction chamber. If pyrolytic gases are combusted to produce electricity,
air emission control equipment will be needed to meet regulatory standards.

The municipal solid waste feedstock requires shredding to a 12-inch maximum size
prior to charging the. pyrolysis reactors.

To learn more about the status of the pyrolysis Conversion Techn:
attempted to contact Graveson Energy Management and Wast K Ltd., two of
the major suppliers. The U.S. representative of Graveson lanagement was
not reachable. Graveson Energy Management has not buj
United States and their technology requires an extremg

feedstock to less than one inch. Due to thi onstraint,
R. W.Beck eliminated this pyrolysis v further
consideration. Since a response was not re¢eived fr steGen, our assessment
relied upon published data. Other supplierse ' onversion Technology
have p1lot or demonstratlon experlence proce d waste, but no full-

The net energy generatio
reportedly approach 700 k
WasteGen technology aié

is Conversion Technology can
processed. Two facilities with

e and similar waste is rated at 175 TPD and
* The large scale-up of this technology for
resents a potential area of risk.  Brightstar
Environmental constructed. e 30,000 TPY (2 units at estimated 50 TPD each)
facility in Wollongong, Ne outh Wales, Australia. The commercial-scale facility
operated in test phase from 2000 to 2004 and was shut down in April 2004. The
Brightstar facility reportedly had problems with the char gasification component of the
process and corresponding financial problems with the plant. A proposed facility in
the United States with the same conversion technology in Collier County, Florida was
canceled.

1s located in Hamm-{
application in King

Furthermore, no facilities employing pyrolysis to process MSW are commercially
operating in the United States. Based on the lack of commercial application at the size
and service duration required to process the County’s waste, R. W. Beck does not
recommend the County pursue the pyrolysis technology at this time. We further
recommend the County should not consider pyrolysis as a viable conversion
technology either currently or in the future unless and until this technology is
demonstrated at a commercially proven scale appropriate to the County’s needs.
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Gasification

Two types of gasification technologies exist: 1) fluid bed gasification and 2) two-stage
(pyrolysis-gasification) fixed bed. These technologies involve the thermal conversion
of organic carbon-based materials in the presence of internally produced heat,
typically at temperatures of 1,400°F to 2,500°F, and in a limited supply of air/oxygen
(less than stoichiometric, or less than is needed for complete combustion) to produce a
synthetic gases (“syngas”) composed primarily of hydrogen and carbon monoxide.
Inorganic materials are converted either to bottom ash (low-temperature gasification)
or to a solid, vitreous slag (high-temperature gasification that operates above the
melting temperature of inorganic components). Some of the oxygen injected into the
system is used in reactions that produce heat, so that pyrolysis (endothermic)
gasification reactions can initiate, after which the exothermic reactions control and
cause the gasification process to be self-sustaining. Like pyrolysis, most gasification
systems are closed systems and do not generate waste gases or air emission sources
during the gasification phase. An important aspect of, cation is that the chemical
reactions can be controlled for the productlon g ent products. The gases
produced by gasification can be cleaned to wanted particulates and
compounds prior to use as fuel. After cooli an emission control
system, the syngas can be utilized in bé internal combustion
engines to generate electricity, or the make chemicals.
Synthetic gases can produce met

All gasification technologles req
feedstock, generally to a

kes place below the melting point of most
er-type of bottom ash is formed. In high-
; 'materials exit the bottom of the gasifierina
molten st ere - 0’2 water bath, and is quenched and crystallized
g. The slag is crushed to form grit that can be easily
he manufacture of roofing tiles or it can be used as
i1t filler. Bottom ash may require landfilling, although some
1o use it to manufacture ceramic-like bricks or paving stones.
One system that s oxygen injection creates extremely hot temperatures in the
bottom of the gasifier, reaching the melting temperature of some metals. In that
process, metals can be recovered in ingot form. Reuse of the slag after this metal
recovery would result in a very high MSW reduction rate. Fly ash from the air
emission control system is the primary process residue. A facility with the
gasification Conversion Technology reportedly can reduce the feedstock by weight by
more than 90 percent. If this rate of reduction is correct, it would represent an
improvement over traditional thermal conversion technologies, which can reduce the
volume of MSW by 90 percent, but the weight by only 75 percent. The reduction rate
of the gasification technology can reportedly vary from almost 80 percent to over 90
percent by weight.

In low-temperature

As part of this review, R. W. Beck requested information from Ebara Corporation,
Global Energy Solutions, Ntech Environmental (Entech Renewable Energy System
licensee), and Interstate Waste Technologies (Thermoselect licensee). We received
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responses from Global Energy Solutions and Interstate Waste Technologies, and for
the other potential suppliers we relied on published data. Twelve facilities employing
Ebara technology are reported to be operating worldwide. Global Energy Solutions
claims 23 operating facilities worldwide, of which four facilities process MSW.
Forty-seven facilities employing technology by Entech Renewable Energy System are
reported to be operating worldwide, of which 12 small facilities process MSW. Seven
smaller facilities using Thermoselect technology are reported to be operating
worldwide.  Several Thermoselect facilities are in the development stage.
Furthermore, no facilities employing gasification to process MSW are commercially
operating in the United States.

For fluid bed technologies, the net energy generation rate can vary from almost 400 to
450 kWh per ton of waste processed, which is somewhat lower than the conversion
rate of traditional thermal Conversion Technologies. For two-stage
(pyrolysis-gasification) fixed bed technologies, the net energyégeneration rate
reportedly can vary from almost 700 to over 900 kWh per t aste processed,
which is significantly higher than traditional thermal Cg Technologies.
Global Energy Solutions has the largest operating unit Tokyo, Japan,
rated at 180 TPD with over three years of experience4 cale-up of

» risk. A

considerable delays in commissioning.
commissioned in 2001 at a reduced processi
due to environmental, economic, and litigatio

facility was finally
as shut down in 2004

The current unit capital cost timatcd to range from around
$146,000 to $181,000 per TR . The current unit operating and
$65 per ton of waste processed.

the O&M costs are

nmend the County pursue gasification technology
at this time. However, fu rovements in gasification in general are currently
underway and we reco the County continue to monitor the gasification
technology for future advancement and applicability.

Plasma Arc

Plasma arc technology is a heating method that can be used in both pyrolysis and
gasification systems. This technology was developed for the metals industry in the
late 19th century. Plasma arc technology uses very high temperatures to break down
the feedstock into elemental byproducts.

Plasma is a collection of free-moving electrons and ions that is typically formed by
applying a large voltage across a gas volume at reduced or atmospheric pressure.
When the voltage is high enough, and the gas pressure low enough, electrons in the
gas molecules break away and flow toward the positive side of the applied voltage.
The gas molecules, losing one or more electrons, become positively charged ions that
are capable of transporting an electric current and generating heat when the electrons
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drop to a stable state and release energy. This same is inherent in atmospheric
lightning.

Plasma arc devices or “plasma torches” can be one of two types: 1) the transferred
torch; and 2) the non-transferred torch. The transferred torch creates an electric field
between an electrode, at the tip of the torch, and the reactor wall or conducting slag
bath. When the field strength is sufficiently high, an electric arc is created between
the electrode and reactor, much like an automotive spark plug. The non-transferred
torch creates the electric arc internal to the torch and sends a process gas, such as air
or nitrogen, through the arc where it is heated and then leaves the torch as a hot gas.

Very high temperatures are created in the ionized plasma. The plasma can reach
temperatures of 7,000°F and higher; the non-ionized gases in the reactor chamber can
reach 1,700°F to 2,200°F; and the molten slag is typically around 3,000°F. For
applications in processing MSW, the intense heat actually breaks up the molecular
structure of the organic material to produce simpler gas molecules such as carbon
monoxide, hydrogen, and carbon dioxide. The inorg aterial is vitrified to form a
glassy residue. A main disadvantage of the systems used in power
generation is that a large fraction of the gene required to operate the
plasma torches, which reduces net electri

The MSW feedstock requires shredding t
the plasma arc reactors.

prior to charging

Byproducts of plasma gasificatio
gasification, as noted pr

produced in high-temperature
igh temperatures produced in

1 system in Japan. The facility in Utashinai has the
ted at 83 TPD with over three years of experience while
processing MS o-shredder residue. Existing systems use two operating and
one spare torch per re actor This scale of plasma arc technology has also been used in
a General Motors plant in Defiance, Ohio, since 1989. The General Motors facility
melts scrap metal for engine block castings. The plasma heating elements there have
logged more than 500,000 hours of operation.

A leading supplier of the plasma arc Conversion Technology using the Westinghouse
Plasma system is a company named Geoplasma. R. W. Beck relied upon published
data about the plasma arc Conversion Technology offered by Geoplasma. Several
other suppliers that were not evaluated in this report offer this Conversion Technology
for small-scale facilities. Each gasification unit at Geoplasma’s proposed facilities
would use approximately the same size plasma-heated cupola as the one installed at
the Ohio plant. For a larger facility, Geoplasma proposes that it would add more
processing lines in parallel. Geoplasma has not developed any plasma arc facilities.
Geoplasma was selected to build a 3,000-TPD MSW facility in St. Lucie County,
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Florida. St. Lucie County is currently negotiating an agreement with Geoplasma to
develop the project.

No MSW facilities employing the plasma arc Conversion Technology are
commercially operating in the United States. Scale-up of this technology for
application in King County represents a potential area of risk to the County.
R. W. Beck does not recommend that the County pursue the plasma arc technology at
this time due to the lack of commercial applications in the size and service duration
required to process the County’s waste. We further recommend the County monitor
the plasma arc technology for future advancement and applicability, particularly if the
3,000-TPD facility in Florida actually proceeds.

Summary of Emerging Thermal Technologies

Note that all three of the emerging thermal Conversion Technologies require front-end
processing of the waste and two require reducing the waste to a size of 6 inches or
less. As discussed previously in this section, R. W. Beck ound 'that such
processing of MSW can result in significant technical chall e also note that
the reported energy generation potential of pyrolysis and
higher than more proven thermal Conversion Techno
The reported capital cost of the gasification Conve
than, and the O&M expenses are comparable to
Conversion Technologies. '

R. W. Beck has identified thr
RDF, and advanced thermals
(prefabricated) and field

echnologies, mass burn,
hnologies employ both modular
» and waterwall combustors, and
in the appropriate combinations.
In the following sul
number of such faciliti on domestically. We have not included
industry (for example, aN. I fzeility with modular, starved air combustion systems).
Mass Burn Waste-to-Energy
Mass burn waste-to-energy systems can be basically divided into three separate
technologies: 1) modular starved air systems, 2) modular excess air systems, and
3) field-erected excess air systems. The modular starved air systems were historically
used for small applications (under 400 TPD). These facilities typically combine
several refractory lined combustors, each rated for around 90 TPD, in the number
necessary to dispose of the quantities of waste available in the area. These refractory
lined combustors generally have two chambers in which the municipal solid waste is
introduced and pushed through several steps, during which the fuel is first dried, then
combusted, and then completely burned with the ash removed into a submerged
conveyor. The combustion is conducted without adequate amounts of oxygen
(starved); additional air is introduced in the secondary chamber where the combustion
is fully completed. Many of these modular starved air systems are used in small
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applications for incineration only. If energy recovery is desired, a separate waste-heat
boiler is included to convert the hot gases from incineration into steam to drive a
steam turbine connected to an electric generator.

The modular excess air waste-to-energy system can be described as the rotary
combustor systems in use in several facilities in the United States. These facilities use
a rotating cylindrical combustor in combination with a waste-heat boiler to create
steam for electrical production. The combustors are constructed with tube material
that circulates water to absorb the heat of combustion and heat the water being used in
the waste-heat boiler to create the steam for use in the steam turbine-generator. The
municipal solid waste tumbles through the inclined combustor and falls out of the
combustor onto an after-burning grate system which allows for the complete burnout
of the municipal solid waste fuel. '

The type of waste-to-energy facility most prevalent in the United States uses the field-
erected, excess air technology. With this technology, incinerator and boiler are
one system; the walls of the incinerator are cons of tubing in which water
circulates as part of the steam generation process, 4 s, burn technology typically

during combustion is transferred through the alls to create steam. In addition,
the waterwall boilers are typicall itional tubing in other sections of
the boiler to create superheated
and other tubes to preh
process. The superhed
generator to creat

turbine connected to an electric
facilities use steam turbines that allow for
sure level to be sold to an adjacent industry

Refuse-derivee ] hve been employed as a means to improve the quality of

soli prior to combustion and to provide a means to recover
materials prior t nbustion. All RDF systems operating in the United States today
are being used in combination with field-erected waterwall boilers. There are no RDF
systems being used in combination with modular starved air combustion systems.
RDF systems can be used to prepare fuel to be used with different types of
combustors, including fluid bed combustors or other industry boilers (cement kilns,
pulverized coal units, etc). For the purposes of this report, we have assumed that an
RDF plant for the County must be provided with its own combustion unit and that the
County would not prepare RDF with the intention of selling it as fuel to some existing
boiler unit.

RDF systems can be arranged in several different forms. There are several material
processing systems that are typically used in an RDF plant, including shredders,
magnets, eddy current separators, trommels, and picking stations. What differentiates
each RDF system is the combination of preprocessing systems that it uses, and the
order in which these systems are arranged. Several types of shredders can be
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employed, including slow speed shear-type shredders, bag-breaking “flail mill”~type
shredders, and size-reducing hammermill-type shredders. Magnets can be used to
remove ferrous metals like steel cans and other iron. Eddy current separators can be
used to remove non-ferrous metals such as aluminum, brass and tin. Trommel systems
can be used to separate materials by size by using rotating cylindrical drum screens
with holes of a certain size. For example, a two-stage trommel may have small holes
for the first one-third of the drum to remove dirt and small debris from the municipal
solid waste, followed by screens with larger holes to remove material appropriately
sized for the combustion unit; the remaining oversized material then flows out the end
of the trommel and is conveyed to a shredder for size reduction. On a single-stage
trommel all the screens would have the same size holes and would be used to target
only one size of material (for example, small holes for glass and grit removal).
Manual picking stations can be used to provide a means to pick targeted items
determined to be worth the extra effort.

In the United States, three types of RDF systems are normally el
“shred and burn” system, the trommel-first systems, and the
shred and burn system in use at the SEMASS facility i

d, including the
st systems. The

and burns the rest. The trommel-first system
Portsmouth, Virginia and in one facility in Miami,
bags and remove glass and grit, then send$

boiler. These systems typicall
stream and eddy current sep.

[H10Y,

num prior to the size-reducing
shredder. The shred-first s ecticut, Hawaii, Michigan, and
Florida use a flail mill tou@; . « solid waste, then magnets and
trommels to remov ~ ate sized materials, then hammermills
to size the remainft i ating characteristics of the different systems
are presented in Ta%l

Non-Processible Ferrous Aluminum Residue
RDF System Waste Removed Recovered Removed
Shred and Burn 5% 3%-4% Less than 1% 0%
Trommel-First 5% 3%—4% Less than 1% 18%—25%
Shred-First 5% 3%—4% Less than 1% 18%—25%

(1)  There has been a trend in the RDF plants to cease the removal of residue (small debris from the trommel) to increase the amount of fuel
available to the combustion unit and to decrease the amount of material destined to be disposed of in the landfill.

All of the RDF systems operating in the United States use field-erected, excess air
grate combustion units, the boilers of which are very similar to those used by the
modern mass burn system: field-erected waterwall units with superheaters and
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economizers.! The differences between mass burn and RDF combustion units are
associated with the grate systems. The majority of RDF units use a horizontal grate
system, compared to the inclined grate systems used by the mass burn facilities.

Advanced Thermal Recycling Systems

Advanced thermal recycling represents a second-generation advancement of
technology which, similar to mass burn, uses complete combustion of organic carbon-
based materials in an oxygen-rich environment, typically at temperatures of 1,300°F to
2,500°F, producing an exhaust gas composed primarily of carbon dioxide and water
with inorganic materials converted to bottom ash and fly ash. The hot exhaust gases
flow through a boiler, where steam is produced for driving a steam turbine-generator,
generating electricity. The cooled waste gases flow through an advanced emission
control system designed to capture and recover components in the flue gas, converting
them to marketable byproducts such as gypsum (e.g., for wallboard manufacture) and
hydrochloric acid (used for water treatment). Typical ery rates of gypsum and
hydrochloric acid from municipal solid waste o ht basis are 0.3 and 1.3
percent, respectively. The bottom ash and egregated, allowing for
recovery/recycling of metals from the bottom
base and construction material provided s
The post-combustion materials recovery a
technology utilized at conventio

Specifically, these involve. : : bed technology. R. W. Beck has not focused on
: fedtions that meet the size and operating history
sake of completeness, we have provided this brief

f burning solid fuel in suspension in a bed of small inert
ate of agitation and fluidity by the upward flow of combustion air and
gases of combusti ology makes it possible to efficiently burn a broad range of low-grade

fuels, including M

In the bubbling bed combustor, the particles of burning fuel and inert bed material are not intended to
be carried out of the combustor, but to remain in the combustion chamber where combustion is
accomplished in the 4 to 5 feet of bed depth. When the bubbling bed is at rest, before the high velocity
air flow is started, the depth of the fuel and inert material is about 2 feet. With re-circulation of fly ash,
the bubbling bed combustor approaches the circulating fluidized bed in operating characteristics.

The circulating fluidized bed differs from the bubbling bed type in that the circulating fluidized beds
have a significant amount of partially burned fuel and inert material particles that are carried out of the
combustion section and into a cyclone-type separator. The cyclone-separator permits the hot
combustion gas, along with particles too fine to be retained by the cyclone-separator, to pass into the
steam generator section of the assembly. The cyclone-separator is a device with a gas pass arrangement
which produces a high velocity spiral flow of the gases and entrained particles. Centrifugal force
causes the particles greater than a certain predetermined size to be recirculated back into the combustion
chamber for increased residence time, which improves fuel burnup. We are aware of only two
circulating fluid bed units burning 100 percent RDF (most systems burn a combination of fuels); both
of those are in Europe and neither approaches the size criteria of the County.
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The feedstock for advanced thermal recycling systems can be unprocessed municipal
solid waste or RDF. Using lower moisture content and removal of non-combustible
materials, RDF improves the heating value of the feedstock, resulting in higher
efficiency and lower throughput per kWh of electricity generated. To improve
economics and efficiency, facilities can incorporate preprocessing to remove
marketable recyclables such as paper, plastics, metals, and glass.

Materials handling involves extensive recycling and reuse of solid and liquid residues,
which can include various marketable byproducts, as described in the previous
paragraphs. These materials handling innovations reportedly result in disposal of less
than 5 percent of process residues, which will be inert. With these innovations, the
disposed weight reduction rate of the advanced thermal recycling technology can
reportedly vary from 80 percent to over 95 percent.

R. W. Beck conducted a telephone conversation and received a written response from

a representative of Waste Recovery Seattle International LLC icensee of the
advanced thermal recycling Conversion Technology. This te ogy is proven in
two full-scale, commercial facilities in Hamburg, Ge uellverwertung
Borsigstrasse Damm (MVB), the oldest facility, has bee _ @ince 1994, The
Muellverwertung Rugenberger Damm (MVR) facili ) ed at over

90 percent annual availability.

The net energy generation rate is on the ord ton of waste processed.

ree years of experience

processing MSW and rated at 580 TPD. Bas icant scale-up of this
technology for application in th A new facility under
construction in Berlin, Ge m reheat cycle, increasing the

anticipated net energy genera

The present unit capi

No facilities employin
commercially operating ited States. Based on the sizes of the facilities that
have been installed and {he humber of years the advanced thermal recycling
technology has been in commercial operation, the advanced thermal recycling
Conversion Technology was considered in depth.

Summary of Proven Thermal Technologies

Table 3-2 presents general information of representative facilities in the United States.
Table 3-3 presents operating characteristics for proven thermal Conversion Facilities,
including advanced thermal recycling facilities in Germany.
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Table 3-2
Proven Thermal Conversion Facilities Operating in the United States
Initial Size Size
Operation (TPD of (MW)
Facility Technology(" Status Date MSW) (Gross/Net)
Marion County, Oregon Mass burn - Operational 1986 550 13.1111
: waterwall
Spokane, Washington Mass burn - Operational 1991 800 26/22
waterwall
Stanislaus, California Mass burn - Operational 1990 840 22.5/18.5
waterwall
Long Beach, California Mass burn - Operational 1988 1,380 36/30
waterwall
Norfolk, Virginia RDF - Operational 2,000 40/35
waterwall steam sales
Kent County, Michigan Mass burn - 625 18.3115.7
waterwall
Lancaster County, Mass burn - 1,200 36/30
Pennsylvania waterwall

Baltimore, Massachusetts
Millbury, Massachusetts

Honolulu, Hawaii
Defroit, Michigan

Fairfax, Virgirfi

Mass burn « 2,250 60/57
waterwall %
M burn- 1,500 45/40
1990 2,160 40/43.6
1991 3,300 65/53
steam sales
Operational 1990 3,000 85/73

(1) There are no advanc
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Table 3-3
Operating Characteristics of Proven Thermal Conversion Facilities
O&M Cost
(USS$hyr) Annual Tons
{not of Municipal
Capital Cost including Solid Waste Annual Recovered
Facility (Us9) debt service) Processed  Availability Materials
Marion County, Oregon $47.5million ~ O&M contract 182,800 ~90% Post-combustion
in 1986 $4.7 million ferrous metal
('95) escalated
Spokane, Washington " $110milionin  $7.3 million in ~305,000 >90% Pre- and post-
1991 1993 combustion ferrous
metals, yard waste,
c&Db
Stanislaus, California $82.2 million ~ O&M contract ~300,000 Post-combustion
in 1985 $7.3 million ferrous metal
_ ('95) escalated
Long Beach, California $106 million $19.1 million Post-combustion
in 1987 in 1996 rrous metal
Norfolk, Virginia $153 million $26.4 millio re- and post-
in 1985 in 1996 combustion ferrous
metal, aluminum
Kent County, Michigan $62.2 million million Post-combustion
in 1989 ferrous metal

Lancaster County,
Pennsylvania

Baltimore, Massachusetts

$106 millig
in 1991
v
Millbury, Massachusetts

Honolulu, Hawaii

Detroit, Michigan $245 million
in 1986, plus
$75 million
in 1991
Fairfax, Virginia $195.5 million
in 1988
Hamburg, Germany Equivalent
(MVR Advanced Thermal facility
Recycling Facility) estimated at
$186 million
in 2007

Est. $29 million
in 2006

$17.7 million
in 1995

$18 million
in 2006

Post-combustion
ferrous metal

Post-combustion
ferrous metal

90%

88%

Post combustion
ferrous metal

461,000 85%

88% Pre-combustion
ferrous metal,
post-combustion
non-ferrous metal

640,000

85% Pre-combustion

ferrous

800,000

Post-combustion
ferrous and
non-ferrous metal

950,000 87%

380,000 92% Post-combustion
- ferrous and

non-ferrous metal,

hydrochloric acid,

and gypsum

3-16 R. W. Beck
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The proven Conversion Technologies described in this section have demonstrated that
they are capable of processing the residential municipal solid waste and light
industrial/commercial combustible waste being generated in the County. All three use
very similar methods for combustion of the waste. In general, the mass burn and
advanced thermal recycling Conversion Technologies have the capability to handle
certain components of the waste stream that the RDF systems try not to process, such
as carpet, mattresses, and other bulky residential materials. None of these Conversion
Technologies generally accept any medical or hazardous wastes, or construction and
demolition waste, although targeted loads of combustible fractions of demolition
waste could be accepted at most well designed mass burn or advanced thermal
recycling facilities. Waste-to-energy facilities do not process contaminated soil, bulk
tires, white goods or other materials deemed detrimental to the process. Mass burn
and advanced thermal recycling systems generally have approximately 3 percent non-
processible waste from the acceptable waste stream, while RDF facilities have 5 to 7

use of a steam turbine-generator. A well design Can generate approximately
500 to 550 net kWh per ton of fuel (municipd xDF) burned. Facilities
can be designed to generate steam for salé i ower if there is an
ad_]acent industry that can use the proc tgglp common recovered

metals remaining after combustiot
from the post-combustion ash stre
facilities have process

-can be used as road ; n aggregate substitute in concrete blocks.

There are a number ergy vendors in the United States that can

componezits: he Waste-to-en rgy facilities can be procured domestically and

providing

the system, co chedule, project cost, and operating expenses.
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Summary of Thermal Technologies

Table 3-4 presents a summary of the emerging and proven thermal Conversion

Technologies.
Table 3-4

-Comparison of Emerging and Proven Thermal Technologies

Emerging Thermal Technologies

Technology Characteristic Pyrolysis Gasification Plasma Arc

Proven Thermal Technologies

Advanced
Thermal

Mass Burn RDF Recycling

Yes
(2-12in. or
compaction)

Yes
(6in.)

Preprocessing requires size Yes
reduction (maximum size) (12in.)

Volumetric Reduction of

0/ _ QRO
Feedstock 80%—-95%

80%—-95% 95+%

Net Energy Generated (kWh

<400->900 kWh <40
per ton of waste processed)

<700 kWh

Largest daily processing
capacity of a unit/line at a
facility with more than three
years of commercial operation
that processes MSW or similar
feedstock (tons/day)

175 TPD

Number of operating facilities
with MSW worldwide

Typical unit capital cost of
facility in the US (US$ ¢
Thousand/ton of daily waste &
processing capacity)

'$$81 NA

Typical operating and
maintenance (O&M) unit
expenses in the US, not
including process residue
disposal (US$/ton of waste
processed)

NA $57-$65/ton NA

No Yes No

90% 80%—95%

25-550 kWh 550 kWh

000 TPD 3,000> TPD 580 TPD

100+ ~15 2

$180-$200 $180-$200 ~$180

$35-850/ton  $40-$55/ton $471on

NA - information not available

3-18 R. W. Beck
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Biological and Chemical Conversion Technologies

Biological and Chemical Conversion Technologies utilize biological and/or chemical
processes to reduce waste volumes, encourage breakdown of molecules, and create
byproducts that can be reused beneficially. These technologies may use heat, agitation
and many other forms of waste manipulation to control the reduction environment and
stimulate the desired reactions. The biological technologies we reviewed were
anaerobic digestion, aerobic digestion/composting, thermal depolymerization and
steam classification. The chemical technologies we reviewed were waste-to-ethanol
and catalytic cracking.

Anaerobic Digestion

Anaerobic digestion is a biological process that entails microbial breakdown of large
organic molecules into methane and carbon dioxide in the absence of oxygen. A
useful product of anaerobic digestion is biogas (metha d carbon dioxide), which
can be bumed to generate steam and electricity ddition to generating gas,
anaerobic digestion produces a residue that cof lhorganics, non-degradable
organics, and other materials. Following th

¢ tilar to that of the
. aificant drawbacks. While anaerobic
digestion has been used for decads; = moved at wastewater treatment

organics from munici
exist in municipal
problematic for this®
this technology..in

ot been source-separated are very
rtcoming is a major obstacle for the use of
aste stream. These contaminants, if not
main in the solid byproduct and significantly
of the resulting compost. Furthermore, some of these
roblem as they can damage the equipment in the
’s mixed municipal solid waste, an anaerobic digestion
facility would " nificant preprocessing of the waste prior to digestion and a
significant portion of the waste stream would require landfilling or recovery (roughly
32 percent of the County’s waste stream). If this preprocessing step is not successful
at removing contaminants, it is likely that the compost material would not be usable
and would also have to be landfilled, resulting in significant decreases in waste
reduction and significant increases in the County’s cost of waste disposal. Finally,
R. W. Beck was not able to find any operating data that shows that anaerobic digestion
facilities can preprocess and digest a waste stream with characteristics or tonnages
equivalent to those of the County. Based on these limitations we did not attempt to
estimate possible operating parameters, capital costs, and operation and maintenance
expenses for an anaerobic digestion facility in the County. Anaerobic digestion was
not reviewed further for this report.

In our opinion, however, the County should monitor this technology for future
developments and breakthroughs because certain methods of preprocessing employed
at anaerobic digestion facilities have shown promise in the management of mixed
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municipal solid waste. Furthermore, if the County decides in the future to implement
source-separation of its organics, the County should look at anaerobic digestion as a
potentially viable waste conversion alternative. Its ultimate viability will depend on
the expected quality of the organic feedstock and the ability of the local compost
market to handle the byproducts.

Waste-to-EthanoI

Waste-to-ethanol is a new technology that uses hydrolysis and other processes to
break down the organic fraction of the waste (paper, food waste, yard waste, etc.) into
sugars which are then distilled into ethanol. For implementation in the County, a
waste-to-ethanol facility would have to include a preprocessing step, likely a materials
recovery facility, to remove contaminants from the organic portion of the waste
stream.

There are no waste processing facilities in operation that con
waste into ethanol, and therefore no available operating or co
such facility is currently being planned in Middletown, New. ¢

nunicipal solid
; however, one
Masada Oxynol

LLC. Masada employs a process that uses strong acid convert the
cellulosic fraction of waste to sugars. The sugars ar nol using
conventional yeasts. The non-cellulosic fraction o Is, glass,
etc.) is either recycled from a front-end materials re plant or is converted to
energy to provide energy to the proces . k previously reviewed the
proposed technology at the Masada facility ) posed to co-dispose of

municipal solid waste and sewage sludg % roject has been in
development stage for over six
promise for the future bec size of the Middleton facility
(753 TPD), the modular nat the small amount of residuals
requiring landfilling 01 i I9percent), and the expected market for
ethanol. We reco ; ‘
specifically the Més i n that facility is further developed.

Aerobic digestion, when & for the management of municipal solid waste, is
also called aerobic municipal solid waste composting. It involves the decomposition
of large organic molecules in the presence of oxygen. Aerobic digestion uses
biological processes to break down the organic portion of the municipal solid waste
stream to reduce the volume of waste and to produce compost for soil amendment or
fertilizer. The quality of the compost is sensitive to both the process and the degree to
which undesirable material has been excluded from the waste.

To process a municipal solid waste stream similar to the County’s, an aerobic
digestion facility would require a preprocessing step to remove non-compostable
materials and to prepare the remaining materials for composting. Aerobic composting
includes a variety of technologies, both enclosed (in-vessel) and open systems. Open
systems commonly use windrows that can either be static piles with forced aeration or
piles that are turned with specialized equipment to expose the material to air. In-

3-20 R. W. Beck : 001640 | 11-01056-10004 | 6/8/2007



REVIEW OF CONVERSION TECHNOLOGIES

vessel systems, though higher in capital cost, provide the best control of the
composting process and limit the odor issues that may arise.

While aerobic digestion has been widely implemented, especially in Europe, about a
quarter of the aerobic facilities located in the United States were shut down between
1992 and 1995 due to public opposition and technical problems, especially with odor
control. No additional aerobic digestion facilities for municipal solid waste have been
developed in the United States in the last six years and the commercial viability of the
technology is currently in question because most vendors are unwilling to provide
performance guarantees, especially for odor control, when using municipal solid waste
as the primary feedstock. Most of the new composting facilities are using source-
separated organics from the residential and/or commercial solid waste streams for
feedstock. They do not process mixed municipal solid waste as would be the case in
King County. Due to the technical limitations, we did not attempt to compile
operating and cost data for aerobic digestion facilities do not think the aerobic
digestion technology qualifies for further review at thi

Thermal Depolymerization/Plastics-to-Oil

materials into crude
ossil fuels, but this

Thermal depolymerization is a process to
oil. It is similar to the processes that o

process requires only hours to be completed erization, feedstock
materials, currently agricultural agfizani are ground into chunks and mixed
with water. They are then subje : ssure for about 15 minutes. The
pressure is then released rapidly an¢ the jed off. The remaining materials
are separated into hy ' ) als. The hydrocarbons are then
broken down and di oil. Also produced in the process are fatty
acid oils used in variglis, rmaceuticals, and minerals used in fertilizer

products.

The facility reports it is capable of producing
- Because that facility using agricultural and food processing
waste as the feex there are no residuals which must be landfilled. The vendor
plans to develop & plant that uses municipal solid waste as a feedstock for this
technology, but no such plants are currently in existence. That vendor deems most
other details of the process and its operation (specifically, efficiency and economics)
to be confidential information and was unwilling to provide any information to
R. W. Beck.

Because the current focus of the technology is on agricultural waste and there are only
a few plants that are operating or in the planning stages, we did not attempt to compile
or estimate operating or cost data for a thermal depolymerization facility in the
County. In our opinion, this technology is many years away from being feasible for
processing a waste stream of the size and composition of the County’s. For these
reasons, we did not conduct any further review of thermal depolymerization for this
report.
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Steam Classification/Autoclave Technology

Autoclave technology is currently used for the management of medical waste and has
seen some limited use in the disposal of mixed municipal solid waste. With this
technology, waste is placed into large sealed containers called autoclaves. Through
exposure to a specific combination of temperature, moisture, pressure and agitation,
the waste is sterilized and its volume reduced. Once processed, some of the remaining
waste can be separated and recovered. Specifically, pulp from paper and other fiber-
based waste can potentially be reused by box-makers or combusted as refuse-derived
fuel. Most non-recoverable waste is reduced in volume by 50 to 60 percent and is
intended to be safe for landfilling.

Since the technology has shown volume reduction and resource recovery benefits, it is
being employed experimentally with mixed municipal solid waste as a feedstock. The
County’s most important considerations for the application of this technology include
the strength of markets for the cellulose pulp (either box-makers gfgn RDF facility)
and the fact that the process consumes energy. Several co are involved in
developing the technology and others have expressed World Waste

recovery facility each day. World Waste Technolog
1o build another facility in Anaheim that will process
Anaheim facility is reported to be operati
Waste Technologies continues to look for wa
process.

Currently, the first
full capacity, as World
ncy and improve the

While other public entities, sp i alifornia, have reportedly

ary for King County makes it an
_ he first Anaheim facility has not

cale required for the County. In addition, the
the temperatures and pressures required to
r net energy production than other technologies.
conduct any further review of steam

untested process f
operated for suffic#
energy required to 6
autoclave the waste
For these reasons,

In our opinion, the County should monitor this technology because it does show some
promise for the management of municipal solid waste, but it is currently unproven in
the processing of waste in the quantities required by the County. The development of
the Anaheim facilities by World Waste Technologies and the progress of Salinas
Valley are specific projects that the County should watch closely.

Catalytic Cracking

Catalytic cracking is a thermochemical conversion process that uses catalysts to
accelerate the breakdown of polymers such as plastics into their basic unit, called a
monomer. The monomers can then be processed using typical cracking methods,
often used in oil refinery operations, to produce fuels such as low-sulfur diesel and
gasoline.
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A facility using this process has reportedly been operating in Poland at commercial
scale, reportedly at 260 TPD, for a number of years. This process can complement
conventional plastic recycling, especially for low-quality co-mingled plastic streams
that often end up in the landfill.

Based on the results of the County’s Waste Characterization Study as discussed in
Section 2, plastics would represent only about 11 percent by weight of the County’s
solid waste feedstock for a Conversion Facility(ies). This technology may be suitable
for only a limited fraction of the County’s solid waste. Since catalytic cracking
processes only a small portion of the County’s waste stream, we did not conduct any
further review of this technology for this report.

Additional Criteria for the County’s Consideration

As discussed previously, the County selected a set of
initial screening of different Conversion Technolgg
eventually determines to proceed with the pro
Conversion Technologies, we recommend .
additional criteria as part of its procurem¢ . gsearecommendations are

teria to be applied for the
In the event the County
a vendor of one of the

consideration by the County are a;

1. Demonstrated capablhty 0

annual avatilability of any Conversion Technology.

4. Demonstrated ability of the vendor to obtain and maintain the required
performance bonds and any credit enhancement facilities, such as a letter of
credit or a line of credit. A vendor’s inability to obtain such bonds is
indicative that some other party is reluctant to step into the place of the vendor.

5. Demonstrated creditworthiness of the vendor. The County could be looking at
a facility or facilities that cost between $500 million and $1 billion. The
County will be looking to the vendor to provide meaningful performance
guarantees, including:

m  Annual plant availability
®  Maximum capacity rating
m  Tons processed
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Energy generation

Waste reduction

Residue generation

Ability to meet permit requirements

Fixed construction price

m  Fixed operating and maintenance expenses.

Such operating guarantees will be backstopped by financial guarantees in the
form of liquidated damage payments or penalties. It will be critical for the
County to have a vendor who has the financial capability to stand behind such
financial guarantees.

Recommendation of Technologies for Further Review

Table 3-5 presents the results of R. W. Beck’s review using the basic evaluation
criteria selected by the County.

It is important to note that all but four of the Conversio s identified in
Table 3-5 have not been commercially demonstrated < se to what
the County will require during the 20-year planning ;
the County will need approximately 3,000 TPD o
emerging Conversion Technologies are curze
170 TPD or less. In our opinion, signifi
addressed if any of these technologies were
such issues could not be properl __ \ (iwhich is the latest date that

sizes of approximately
nges will have to be

a 2016 on-line date.

With respect to Criteri
meet state permit
ability of the rotary
permit requirements 1
meet such requireme

_ he Conversion Facility’s ability to
identitied a potential concern regarding the
and the RDF technology to meet the air
State. The ability of these two technologies to
d on the permit requirements that would be
imposed on the Conversi ty. For example, the rotary combustor technology
has historically had a problemy'with meeting a combustion temperature of 1,800°F for
1 second residence time; if this requirement was part of the air permit, then that
technology may not be a suitable choice. In the case of the RDF system, a 50 parts per
million carbon monoxide limit, if required as part of the air permit obtained by the
County, would be very difficult for an RDF system to comply with. For these reasons,
we have noted that Criterion 3 presents a possible problem for these two technologies.
The feasibility of the rotary combustor technology (Mass Burn — modular with excess
air) is also in question because, while there is one facility in existence utilizing the
technology, the County would have difficulty finding a vendor offering it. For this
reason Mass Burn modular excess air was not reviewed further.

Based on our review and the County’s criteria, we selected the following Conversion
Technologies for further review and to serve as the basis of the remaining sections of
this report to be compared to the Waste Export Disposal Option:
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1. Mass burn waste-to-energy waterwall. This technology has been
commercially demonstrated in the United States for 30 years. Individual
facilities have been constructed and operated to receive and process
3,000 TPD. These facilities are able to accept approximately 90 to 97 percent
of the municipal solid waste generated. They generate net electricity at a rate
of approximately 500 to 550 kWh per ton of waste processed. The facility in
Spokane has met its air permit requirements of the state of Washington since
going on-line in 1991. These facilities generate a residue product which can be
disposed of or resized in accordance with the current solid waste handling
requirements of the state. These facilities have demonstrated the ability to
reduce the volume of solid waste by 90 percent and the weight of solid waste
by 70 percent.

2. RDF waste-to-energy. This technology has been commercially demonstrated

in the United States for 20 years. Individual faciliti¢s have been sized to accept
lities are able to accept
approximately 90 to 93 percent of mun ¢ lid waste. They generate
electricity for sale. A careful review dertaken of the ability
of the RDF technology to meet t ements of the state of
Washington.

3. Advanced thermal recyc
constructed in the Unit

operation in Germany for n
could be sized
technology is

s technology has not yet been
been in successful commercial
and has operating units which
e disposal requirements. The
r for sale and the vendor makes
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Section 4
ANNUAL FACILITY AVAILABILITY OF
CONVERSION TECHNOLOGIES

The Conversion Technologies under evaluation must provide reliable processing of
King County’s solid waste stream by 2016. Annual availability for a Conversion
Facility represents the percentage of time the Conversion Facility is able to perform
during the year. Processing unit availability has a direct effect on the amount of MSW
that a Conversion Facility can process and the amount of energy it can generate.
Downtime due to lack of MSW deliveries is not counted against annual availability,
but instead is taken into account when calculating the ual plant capacity factor,
which takes into account both the amount of time t ity i
much of the available capacity is consistently utilizg ocessing waste.

This section focuses on the key aspects of th abilities of Convetsion
Facilities including:

m  General concepts;
Scheduled and unsched

=
®  Important applications; a
]

Reported historéal dvai currently operating Conversion Facilities.

concepts, the assumed annual availabilities
i evaluating the three selected Conversion

¢ intended to maintain very high overall availabilities due to
the constant ne fs%oth disposal capacity and electricity generation. They are
capital-intensive units designed to operate every hour of every day except when they
require maintenance or repair. The two critical components of Conversion Facilities
are the Conversion Technology processing units and the energy generation units. In
general, existing Conversion Facilities each have at least two processing units or lines,
so that the facility can continue to accept and process waste even when one of the
processing units is down. Since the energy generation component, the steam turbine-
generator, is able to realize very high annual availabilities and requires relatively little
maintenance, only one energy generation unit is typically included in a Conversion
Facility.

The annual plant capacity factor for a Conversion Facility is calculated by dividing the
actual processing capacity experienced by that facility during the year by the

RWHECK
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maximum processing capacity of the facility. The annual availability, on the other
hand, is determined by first dividing the number of hours each processing line was
available to operate by the number of hours in a year. The annual availability factors
for the processing lines are combined to produce the annual availability factor for the
Conversion Facility.

Processing unit and energy generation unit availability have a direct effect on the
amount of waste that a Conversion Technology facility can process and the amount of
energy it can generate, so facilities are intended to be operated at as high an annual
availability as practical.

Scheduled and Unscheduled Outages

Scheduled outages at Conversion Facilities occur when facility operators deem it
necessary to take either the processing units or turbine-generator me to perform
preventative maintenance. For example, with the mass waste-to-energy
waterwall Conversion Technology, major scheduled outages{for ¢ach, processing unit
typically require 18 to 20 days of downtime per i uivalent to
approximately 5 percent of the available time in an . To minimizgithe need to

processing unit or turbine-gen
failure. For properly operate percentage of scheduled
downtime. While it is nearly
impossible to avoid unschedule
and duration of unscl '
but also result ing

incurred.

ey not only result in lost production
often due to the overtime labor charges

rgy waterwall and advanced thermal recycling
facilities, the most comme ons for scheduled and unscheduled outages include
boiler tube leaks and cleaninig, grate bar replacements, and combustion residue
extractor plugs. While grate bar replacements and residue extractor failures result in
relatively short outages compared. to boiler tube leaks, they adversely affect
performance nonetheless and result in the need to consume auxiliary fossil fuel.

For existing RDF waste-to-energy facilities, the front-end waste processing of MSW
(prior to introduction as fuel to the boilers) causes the most scheduled and
unscheduled downtime. Failure and blockage of the shredders and the trommel
screens are common reasons for unscheduled downtime of RDF facilities. Since the
processed RDF is generally a more homogeneous fuel than unprocessed MSW, the
boiler and combustion residue conveying systems of RDF facilities can potentially
operate more reliably than mass burn waste-to-energy waterwall systems and
advanced thermal recycling facilities.
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Unscheduled outages will vary from year to year due to the age of equipment and the
preventative maintenance program, but for the purposes of this report, we have
assumed unscheduled outages will be equal 16 to 18 days per year, which is supported
by industry experience. A single unscheduled outage can range from as little as one or
two days to as much as a week or more, depending on the nature of the problem.
Combustion units have to be allowed to cool down sufficiently so that, if necessary,
workers can enter the unit to undertake repairs. Following the repair, the unit must be
brought back on-line. The amount of downtime can be impacted by the availability of
spare parts, the availability of skilled labor, and the extent of the repair.

Steam turbine-generator units are extremely reliable and generally have a very high
annual availability of 98 to 99 percent. The turbine-generators are taken off-line once
per year generally for a short scheduled adjustment and fine-tuning. Also, turbine
generators are taken off-line approximately once every five years for major inspection
and preventative maintenance services. During that ye e annual availabilities of
the turbine-generators are slightly lower.

The total amount of scheduled and unscheduled
be equal to approximately 10 to 15 percent of
availability of approximately 85 to 90 p
availabilities of up to 92 to 93 percent,
assumption for the 20-year planning period

easonably be expected to
resulting in an annual
ave reported annual
a very optimistic

Conversion Facilities are the increased or
ocess waste and create energy. The ability
ring the cost of constructing and operating
the constant stream of waste. Also, since

cvenue bond financing for a Conversion Technology project,
e facility will need to demonstrate: 1) an adequate waste
project, 2) the ability to process waste, 3) the ability to collect
tipping fees, and 4) the ability to execute energy sales agreements as one source of
revenues to pay the bonds. These agreements will be based to a significant degree on
the expected operation of the facility and will include consideration of the anticipated
annual plant availability.

In addition, the County must make arrangements for backup disposal capacity based
on an assumed annual plant availability. If a Conversion Facility fails to process the
guaranteed waste tonnage, the County will have to ensure an environmentally sound
and proper disposal of the bypassed waste.

Finally, in energy sales agreements, the owner of the Conversion Facility may be
required to guarantee to deliver to the energy purchaser a certain quantity of electric
power or thermal energy either annually, hourly, or daily. Such level of guarantees
will depend upon the Conversion Facility’s expected annual plant availability. In
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electricity sales agreements, an electric utility may provide a Conversion Technology
facility with two types of payments—an energy charge and a capacity charge. The
‘electric utility will provide energy payments for the electricity actually delivered to the
grid over the year. Capacity charges are provided to facilities that can deliver and
guarantee a base load of electricity to the grid. If the annual availability of the facility
is too low, the facility may not meet the contractual obligations for the energy capacity
payments. Also, if the annual availability of a facility decreases to the point where the
minimum energy delivery rates are not satisfied, this could also adversely affect the
payment provisions.

Ultimately, most of the contractual obligations related to the operation of a Conversion
Facility are tied to an expected level of availability to process MSW and generate
electricity. For this reason, it is crucial for the Conversion Facility to be operated to
maintain the highest level of availability possible.

Reported Plant Availability at Referen

As part of our review regarding annual availability
R. W. Beck contacted the owners and/or operators o

Conversion Technologies. We also reviewed histe
availability. Table 4-1 lists the annual a ility da he reference facilities

The information in Table 4-1 indj bilities for the reference
facilities of the mass burn waste anced thermal recycling
technologies averaged in the The annual facility availabilities
for reference RDF wastezto-en: slightly lower, averaging around 86

percent.
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Table 4-1
Annual Facility Availability for Three Selected Conversion Technologies
Rated
Facility
No. of Processing Range (%) No. of
Processing  Capacity Average Years
Location Units (0 (TPD) Minimum Maximum (%) Reviewed
Mass Burn Waste-To-Energy Waterwall
Spokane, WA 2 835 92 94 93 3
Marion Co., OR @ 2 550 92 95 93
Stanistaus, CA 2 840 84 89 87
Kent Co., MI 2 625 9 92 16
Lancaster Co., PA 3 1,200 91 92 8
RDF Waste-To-Energy
Norfolk, VA 4 2,000 83 2
Detroit, Ml @ 3 3,300 89
Honolulu, HI 2 85 3
Advanced Thermal Recycling
MVR Hamburg, Germany 2 93 92 4
MVB Hamburg, Germany 2 94 93 4

(1)
@
(3

The number of units and rated processing
(Washington, D.C.: Integrated Waste .
Marion County determines the anpy ginning July 1. Data for 2005 was not included due to an anomaly
occuring in operations. £
The third unit is a standby and th

2004 IWSA Directory of Waste-fo-Energy Plants

0 units to operate simultaneously.

Sumr

For the purp port and based on our review of the data presented in Table
anning estimates of the annual availabilities for the three
es, as listed in Table 4-2.

Table 4-2
Annual Facility Availability for Three Selected Conversion Technologies

Annual Facility Availability

Conversion Technology (%)
Mass Burn Waste-To-Energy Waterwall 90
RDF Waste-To-Energy 87
Advanced Thermal Recycling _ 90
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Based both on the data we have reviewed and our previous experience, we believe that
these assumed annual plant availability rates are reasonable for the planning purposes
of this report. As discussed previously, we believe availability estimates above 90
percent for the entire 20-year planning period would be overly optimistic.

We have used these assumed annual availability factors in Section 6, “Conversion
Technology and Waste Export Facility Considerations,” Section 8, “Backup Disposal
Capacity for Conversion Facilities,” and Section 12, “Projected Energy Revenues.”
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Section 5
NON-PROCESSIBLE WASTE
AT CONVERSION FACILITIES

It is important to note that none of the Conversion Technologies will be able to
process 100 percent of the municipal solid waste currently delivered to the Cedar Hills
Regional Landfill. Because of solid waste size or composition constraints, some
portion of that municipal solid waste will require disposal by some other means, most
likely landfilling. In such an event, the County must arrange for disposal of such
material. This section of the report presents a discussion of the estimated type and
amount of non-processible waste, for each Conversion Technology, that would require
alternate disposal. ’

Many of the currently operating waste-to= erating agreements
that categorize waste as either “acceptable’ pending on whether
or not such types of waste ca d to the facility. Examples of
unacceptable waste could inclu i oils, sludges, ashes, large dead

animals, construction and_demoli arge quantities of yard waste.

Conversion Techng cluded as “unacceptable” is the category

currently deemed “Sp 7 ounty. This category makes up less than 1
percent of t e the Cedar Hills landfill and includes waste
such as iled food, dead animals, and oversized items
like bo e assumed that all items currently identified by the
County as astewould not be delivered to the Conversion Facility and
would require,

The operators of( rsion Facilities may further categorize the “acceptable” waste,
which is delivered to the Conversion Facility, as either “processible” or “non-
processible.” For example, the operator of a Conversion Facility may accept such
items as rolled carpet, white goods (refrigerators, stoves, -etc.), or engine blocks, but
the operator may segregate such items after they have been delivered and classify
them as “non-processible.” While such non-processible items are delivered and
accepted at the Conversion Facility, they are not introduced into the conversion
process and are instead sent to alternate disposal, such as landfilling or recycling.

For the purpose of this report, because “unacceptable” waste generated in the County
is assumed to be diverted prior to delivery to the Conversion Facility (or Cedar Hills
landfill), all waste delivered to the Conversion Facility is assumed to be “acceptable”
and any waste diverted from the Conversion Facility to alternate disposal prior to

RWRECK
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processing is considered “non-processible.” Furthermore, it is assumed that any
“unacceptable” waste was either recycled, recovered or disposed of using alternate, in-
county methods, and that only “non-processible” waste accepted by the Conversion
Facility will require disposal by the County at a landfill. Our primary focus in this
section of the report is to develop an estimate of the amount of non-processible waste
that must be disposed of at a landfill or by some other means.

Generally speaking, non-processible waste is municipal solid waste that, if received
and processed by the specific Conversion Technology, could potentially adversely
affect the operation of the facility, be a threat to health or safety, and/or violate permits
or other regulations.

Municipal solid waste can be deemed non-processible due to its size, chemical
composition, moisture content, or thermal properties, or because of regulatory
constraints. Examples of typical non-processible materials for the three Conversion
Technologies under consideration are listed in Table 5-1.

Table 51
Typical Non-Processible Materja

Material Categories?

Hazardous material

Asbestos

Rocks, dirt, concrete
Large dead animals
Construction and demolition debrisg
Batteries (vehicle, househ
Paint (latex and oil ba
Computer monitors, {8
White goods
Large machinery and equipme
Motor vehicles and parts |
Sludge, sewage, wastewater and other liquid wastes

Thermometers, fluorescent lights, oil, acids, caustics, poisons and other household hazardous waste

In addition, there are some differences between the different Conversion Technologies
in the materials that are considered non-processible. Most of these differences are due
to the capabilities of the front-end processing equipment required at RDF facilities.
RDF technology employs separation and shredding equipment that is not capable of
processing large items such as oversized bulky items and larger metal items.
Conversely, large items may be considered processible at mass burn or advanced
thermal recycling facilities as long as the items will fit into the boiler and have heating
value.
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NON-PROCESSIBLE WASTE AT CONVERSION FACILITIES

An important consideration in determining what waste is processible is the list of
materials that are prohibited from combustion by the regulatory agencies. Typically, it
is desirable that household hazardous waste, such as paints, batteries, used oils,
thermometers, and electronic equipment, is not disposed of at Conversion Facilities
either because these items may be a hazard to the Conversion Facility and its
operators, or because their combustion will result in air emissions or residue ash that
may affect human health and safety. Also, operators may deem some materials such
as gypsum scrap (drywall) to be non-processible because, when combusted, it results
in significant increases in specific types of air emissions or residue contamination.
While the operators are still required to accept such material and should be prepared to
process it, they can deem it non-processible and divert it.

Materials that have little or no heating value are also often considered non-processible
and may be diverted prior to processing. Examples of these materials are dirt, rocks,
concrete, and other inerts. The introduction of these materials to a thermal process
results in little if any energy generation and will ju up space in a boiler and
cause erosion of the equipment. Also, once these mdterials,are put through the process
they become residue of the facility and must be*}andle uch. By diverting such

processing. It is common for m3g
concrete to be removed because th
such as broken glass an ferr -
because, while the ¢ benefits, their presence does not result in

would be very difficult. Operators have

of by the County,

1. The reported percentages of non-processible waste at existing waste-to-energy
facilities;

2. The differences in types of waste that can be processed between the three

Conversion Technologies being considered in this report; and

3. The composition of the County’s municipal solid waste as quantified in the
County’s Waste Characterization Study (discussed in Section 3) and the County’s
estimate of projected future recycling rates (discussed in Section 7).

001640 | 11-01056-10004 | 6/8/2007 R. W. Beck 5-3



Section 5

Amount of Non-Processible Waste at Existing Facilities

As part of this report, we contacted the operators of several Conversion Facilities to
obtain data on the amount of non-processible waste they currently receive at their
facilities. Based on these conversations, the amount of non-processible waste reported
by mass burn operators ranged from 1 to 11 percent. We expect that the average range
for an RDF facility will be slightly higher because of the more complicated front-end
processing.

Non-Processible Waste in King County

We reviewed the results of the County’s Waste Characterization Study to identify
what components in the waste stream we would expect to be non-processible at the
Conversion Facilities. It should be noted that the Waste Characterization Study was
based on waste delivered to the Cedar Hills landfill, which by ru not supposed to
receive construction and demolition material, biosolids, sludg: [ yard waste. As
discussed above, since these components of the waste streaf nt a significant
portion of the material that would be considered unacce

Hills landfill would be accepted at a Conversion Fa: : would be
classified as processible.

Presented in Table 5-2 is a summary
non-processible portions of the King Coun
County’s assumed recycling prog
information is generally co
waste-to-energy facilities wi
this report, we have as
deemed non-processj
alternate disposal £

2016, based on the
projections.  This
results of the existing
r. Therefore, for the purposes of
the County’s waste stream will be
es and will require disposal at an
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Table 5-2
Assumed King County Processible Percentages and Tonnages by Conversion Technology
(2016 Tons)
Advanced Thermal
Mass Burn RDF Recvelin
Category Percentage Tons  Percentage Tons Percentage Tons
Paper 100% 270,571 100% 270,571 100% 270,571
Plastic 100% 125,673 100% 125,673 100% 125,673
WoodiYardlFood 4000 306631 100% 396,631 100% 396,631
Organics
Other Organics 100% 124,279 100% 124,279 100% 124,279
Glass 100% 35,057 100% 100% 35,057
Metal 100% 80,844 100% 100% 80,844
Other Wastes 60% 74,173 19% 60% 74,173
Household 0% 0 0% 0% 0
Hazardous
Total
Processible 95% 95%
Percentage
Total
Processible 1,107,228
Tons
Total Non-
Processible 107,202 57,073
Tons .
Impact on Non-Processible Waste

It should be e
In

over time.

Hat the current recycling programs in King County will change
ertaking this analysis, we have included consideration of the

County’s proposed increase in the current level of recycling. In developing the

information and discussion of a possible Conversion Facility, we assumed that the
Conversion Facility would complement the County’s current recycling goals. There
are certain recyclable materials that have strong and long-standing markets for sale.
Portions of these types of materials continue to be disposed of at the Cedar Hills
landfill and they are categories of waste that are considered processible in the three
Conversion Technologies we are considering. King County has highlighted organics
as a particular category of the waste stream that will likely see an increase in recycling
attention by the County. In addition, the County has advised that it plans to take steps
to maximize existing efforts to recycle glass and plastic. For these reasons, we expect
that any changes in the County’s recycling rate will affect only the Total Processible
Tons shown in Table 5-2. Therefore, we anticipate that changes in recycling will have
very little, if any, effect on the Total Non-Processible Tons shown in Table 5-2.

R. W. Beck 5-5
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Section 6
CONVERSION TECHNOLOGY AND WASTE
EXPORT FACILITY CONSIDERATIONS

In this section of the report, we discuss the specific facility considerations for the
implementation both the Conversion Technology Disposal Option and the Waste
Export Disposal Option. For the Conversion Technology Disposal Option, this entails
making specific assumptions about the operational aspects of each of the
commercially proven Conversion Technologies and creating a theoretical facility that
will be used in analyses in later sections of this report. For the Waste Export Disposal
Option, this involves discussion of contracting with dis 1 companies and specific
considerations related to intermodal capacity and opera '

For the purposes of organization and si
discuss the “capacity” and the “number” o
mean the total amount of disposa
to accommodate the amount o
“number” of facilities refers to th

‘mation, we separately
on Facilitics. By “capacity” w
acity the County needs in any year
disposal in that year. The
t sites that will be required or

fluctuations in the“generation of waste; 7) the timing of additional disposal capacity;
and 8) the number and size of processing lines to be used.

Alternatively, the determination of the number of Conversion Facilities is more a
function of siting and permitting considerations. Included in these considerations are:
1) the cost and ease of siting and permitting; 2) varying development, construction,
and operations costs; 3) maximizing economies of scale; 4)the flexibility and
robustness of the system; 5) the maximization/utilization of existing and planned solid
waste system infrastructure (transfer stations, collection equipment); and 6) impacts on
the immediate geographic area of the site(s) of the facility(ies).

RWECK

001640 | 11-01056-10004 | 6/8/2007



Section 6

Below, we discuss all of these considerations and, based on the County’s priorities
established in discussion with County staff, identify various issues for the County to
consider.

The information in this section relies upon and builds upon information developed in
the following other sections of this report:

m  Section 2 — Solid Waste Quantity and Composition
m  Section 4 — Annual Facility Availability of Conversion Technologies

m Section 6 — Non-Processible Waste at Conversion Facilities

Identification of County Priorities

Decisions related to the capacity and number of Conversion Facilities are complicated
by the fact that so many of the parameters are interrelated. Differedfparameters may
have positive and negative ramifications for costs, level of and risks to the
County. For this reason it is important to establish and « S 1d the County’s
priorities related to these parameters. The followin \ criteria are
based on directions provided by the County. R c)criteria are
interrelated, they are listed in two groups, high priort

High Priority

m  Minimize capital and operating

m  Maximize the ability to regever e ’ beneficial products.

We have applied thes¢
and number of facilities.

A

Factors Impacting thegCapacity of a Conversion Facility

Projected Base Case Quantities of Waste Requiring Disposal

For the purpose of this analysis, and based on data provided by the County, we
developed projections for waste generation, recycling, and disposal. These projections
are based on the County’s assumption of a consistent increase in the recycling rate of
0.3 percent per year from a benchmark of 43.7 percent in 2004. These projections are
presented in Table 6-1 for the planning period of 2016 to 2036.
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Table 6-1
Projected Annual Quantity of Waste Requiring Disposal
Projected Projected Projected
Recycling Generation Recycling Disposal
Year Rate(" (Tons) (Tons) (Tons)
2016 47.3% 2,209,300 1,044,999 1,164,301
2017 47.6% 2,263,510 1,077,431 1,186,079
2018 47.9% 2,319,650 1,111,112 1,208,538
2019 48.2% 2,365,610 1,140,224 1,225,386
2020 48.5% 2,426,490 1,176,848 1,249,642
2021 48.8% 2,451,230 1,255,030
2022 49.1% 2,510,700 1,277,946
2023 49.4% 2,521,050 1,275,651
2024 49.7% 2,584,3904 1,299,948

2025 50.0% ! 1,324,825
2026 50.3% ,324,286
2027 50.6% 1,349,746

2028 50.9% 412,785 1,362,825
2029 V457,674 1,389,346
2030 ’ ' 1,416,287

1,546,232 1,438,772
1,589,712 1,461,558
3,119,007 1,634,360 1,484,647
3,187,625 1,679,878 1,507,747
3,257,753 1,726,609 1,531,144

! - 3,329,423 1,774,583 1,554,841
(1)Assum€§%§ recycling increases 0.3% per year.

Non-Processible Waste at Conversion Facilities

As discussed in Section 5, the quantity of non-processible waste delivered to a
Conversion Facility can influence the amount of waste that requires landfilling or
disposal through an alternate method. In Section 5, we discuss the annual tonnages of
processible waste estimated for King County for each Conversion Technology based
on the projections in Table 6-1. Based on the information presented in Section 5, we
have used the assumed percentages of non-processible waste as shown in Table 6-2 for
each Conversion Technology.
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Table 6-2
Assumed Non-Processible Percentage by Conversion
Technology
Non-Processible Waste
Technology (%)
Mass Burn Waste-to-Energy Waterwall 5
RDF Waste-to-Energy 9
Advanced Thermal Recycling 5

Annual Availability of the Conversion Facilities

As outlined in Section 4, the expected annual availability of a Co
anticipated to vary slightly depending on the Conversion T
Table 6-3 summarizes the reported range of annual facility
the technologies considered in this report.

ersion Facility is
gy employed.
ities for each of

Table 6-3
Reported Annual Facility Availability for
Techn

Conversion
Technology

Mass Burn Waste-to-
RDF Waste-to-Energy
Advanced The

As discussed in
report that any of
93 percent average annij;
recognize that in some year
our experience average av%é} bilities over multi-year operating periods are generally
lower than the reported numbers shown in Table 6-3. The assumptions we have used

in the report are summarized in Table 6-4.

hnologies will be able to realize a 92 to
ity over the 20-year planning period. While we
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Table 6-4
Assumed Annual Facility Availability for each Conversion
Technology
Conversion Facility Availability
Technology (%)
Mass Burn Waste-to-Energy Waterwall 90
RDF Waste-to-Energy 87
Advanced Thermal Recycling 90

Note: This table summarizes assumptions used by R. W. Beck in its planning analysis of capacity of
Conversion Facilities.

Expected Variations in Waste Generation

The expected annual waste generation quanti
identifying the amount of disposal capacity
which this waste generation varies fro
consideration in determining the capacity ity(ies) because it
can impact the amount of waste that w1ll his means that the
County must determine whether, i ¢t the peak waste generatlon months, it
wants to construct a Conversion ' ;
the annual average monthl

primary determinant in
require. The extent to
s also an important

1.
2. Have a uld “grow into” in future years as waste
3.

As can be s -5, the monthly variation in the quantity of waste that was

disposed of be 03 and 2006 is not significantly different from month to
month. June is th iest month with nearly 88,000 tons on average, but the slowest
month, February, st111 accounts for nearly 75,000 tons on average after making an
adjustment for the fact that February has only 28 days. This means there is a
difference of approximately 17 percent between the peak waste generation month
(June) and the lowest waste generation month (February). The policy decision the
County would have to consider if it chose the Conversion Technology Disposal
Option is whether to: 1) size the Conversion Facility for the lowest waste generation
month (February), which assures the Conversion Facility is always operated at its
maximum capacity; 2) size the Conversion Facility for the maximum waste generation
month (June), which assures there is no bypass waste; or 3) size the Conversion
Facility for the average month.

The relatively narrow range of difference between the peak month of June and the
lowest month of February should allow the Conversion Facility to operate reasonably
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efficiently throughout the course of the year if the County determines to size the
Conversion Facility to meet the annual average monthly amount of waste generation.

Table 6-5
Average Monthly Disposal Quantities
(2003-2006)

Average Disposed  Percent of

Month (Tons) Total
January 78,809 8.02%
February , 69,810 7.10%
March 79,840 8.12%
April 82,072 8.35%
May 87,000 8.85%
June 87,958 8.95%
July 86,099
August 86,263
September
October
November
December

In addition to consid it an waste generation, the County would
need to consider t e di es between what would constitute a “busy”
day and what wou i day, in terms of the quantity of waste

inty would have to address the differences in waste
ays through the operation of both the entire solid
e Conversion Facility:

deliveries between busy
waste management system

1. The design of the Conversion Facility should allow for a storage pit or tipping
floor that will accommodate a minimum of three days storage capacity to allow
for long weekends and interruption of waste deliveries such as might be caused
by bad-weather driving conditions.

2. Scheduled outages of the Conversion Facility should be taken during low
waste generation months.

3. The County should operate other solid waste management facilities in the
system to allow for the “busy days” when waste deliveries could significantly
exceed the operating and storage capacity of the Conversion Facility.
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Timing of Additional Disposal Capacity

A key consideration in determining the best approach to sizing the Conversion
Facility(ies) is the County’s preferred timing for constructing additional disposal
capacity after 2016. These policy decisions would have a significant impact on the
amount of bypassed waste which must be landfilled each year as a result of peak waste
periods and the growth of the waste stream. There are several different approaches the
County could consider related to the timing of increasing the capacity of the
Conversion Facility(ies) after 2016. These different approaches and the resulting
impact are summarized in Table 6-6.

Table 6-6

Approaches to Timing Disposal Capacity Additions

Approach Impact

sive approach in terms of
aste disposal and energy
ay not be fully utilized

d minimize the amount
'disposal capacity required.

esult in better utilization of the
acity/energy capability of the

Facility and would be more cost

e than Approach 1. [t would result in the
need to bypass waste during certain months in the
, early years until the additional capacity came on
line.

This is the most cost efficient approach in terms of
fully utilizing the disposal capacity/energy
generation capability of the Conversion Facility. It
would result in the need to bypass waste during
busier months from the outset of operation, with
increasing quantities of bypassed waste until the
additional capacity came on line.

1. Add disposal capacity as early as is required
to avoid the need to bypass any waste.

\

2. Add disposal capacity when such ¢
would meet the annual average dispo
requirements during the yee

Number of Processing Lines

The number of processing lines can influence the flexibility of operation and therefore
impact the amount of bypassed waste and overall efficiency of the Conversion
Facility. In general, the more processing lines there are in the Conversion Facility, the
easier it is to phase the scheduled downtimes and maintain a high level of efficiency
during unscheduled downtimes. For example, if a 3,000 TPD Conversion Facility has
four processing trains (750 TPD each), the outage of one processing train represents
25 percent of the processing capacity of the Conversion Facility and leaves a running
capacity of 2,250 TPD. If, on the other hand, the Conversion Facility has two larger
processing trains (1,500 TPD each) and one of them is taken out of operation, 50
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percent of the processing capacity of the Conversion Facility is not available, leaving
only 1,500 TPD of capacity and potentially increasing the amount of bypassed waste.

When considering the number of processing lines, it is important to consider the
expected economies of scale and the expected variation of the waste stream. As is
typical with many aspects of Conversion Facilities, the larger the processing line that
can be constructed, the greater the economies of scale. Based on demonstrated
performance at existing Conversion Facilities, our opinion is that the County should
consider individual processing lines sized at no more than 1,000 TPD. As this size is
decreased, the unit costs for construction, operation, and maintenance of the line can
be expected to increase. However, as discussed above, with larger processing lines
comes reduced scheduling flexibility and less capability to handle variations in the
amount of waste generated. The County would need to consider the trade-off of lower
costs against increased bypass waste.

Waste Simulation Model

To help evaluate all of the above factors, we prepared
Conversion Facility (the “Waste Simulation Model™) th
from the County waste stream, projects them for fut
tonnages of the amount of waste requiring landfillin
residue) and processing.

The Waste Simulation Model was develope to evaluate the effect

of making changes to certain of the strics of a Conversion
Facility. The Waste Simulationg modify the values of a
variety of parameters related ties of solid waste and the design

of the Conversion Facility. Usin ' i he model calculates an estimate of
the amounts of proce W
different operating, nted below is a brief discussion of the specific
inputs and outputs Model. ‘

Tonnages

In order to simulate the o n of a Conversion Facility, the Waste Simulation
Model projects daily tonnages assumed to be delivered to the Conversion Facility for
an entire calendar year. To do this, the Waste Simulation Model uses the actual waste
delivery data for the Cedar Hills landfill for 2003 through 2006. It calculates the four-
year average for each day of one year, lining up weekdays and weekends, to create an
expected weighted average schedule of waste delivery for the year. The user can then
enter a “Projected Total Annual Tonnage” for a future year and the Waste Simulation
Model will create a waste schedule for the simulated year by increasing the average
daily tonnages by a “Projection Factor.” The Projection Factor is calculated as:

Projection Factor = Future Year Tonnage + Four-Year Average Tonnage
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Assumed Operétional Inputs

For the Waste Simulation Model to develop an estimate of a Conversion Facility’s
operation for a particular quantity of “Projected Waste Deliveries,” the model requires
the user to make assumptions about the operation and number of processing lines of
the assumed Conversion Facility. These assumptions and their use in the model are
discussed in detail below.

Number and Size of Processing Lines

The Waste Simulation Model requires an assumption be made regarding the number
and size of the processing lines employed at the simulated Conversion Facility. This
allows the user to simulate facilities with similar rated capacities (the number of
processing lines multiplied by their size in tons per day) but with different processing
line configurations to determine how much of a difference changes in the number and
size of processing lines make in the operational efficiency/@£the Conversion Facility.

Facility Availability

Facility availability is used by the Waste i idel to create an outage
schedule (scheduled and unscheduled) t ‘ i he actual processing
‘capacity of the Conversion Facility wh: |
maintenance or repair. The Was i del allows the user to enter the

number of days that each proces d to be off-line for both scheduled
and unscheduled outages. The Y i Model assumes that scheduled
outages take place durin the waste deliveries are lowest,

and, to be conservati d outages occur when the waste

The Wag 3 ires a user to make an assumption regarding the
ssibjeswaste delivered to a Conversion Facility since this
metric va ‘ ing on the selected Conversion Technology and the quantity of
waste. During iBe si ion, the Waste Simulation Model removes this percentage of
the waste prio rocessing, assuming that non-processible waste will not be
introduced into the conversion process. Therefore, non-processible waste is not
considered as part of the processing capacity of the Conversion Facility. The amount,
expressed in tons, of non-processible waste is also one of the outputs of the Waste
Simulation Model.

Residue Production

Residue production is defined as the amount, expressed as a percent by weight, of
material that results from the processing of the solid waste compared to the amount of
processible waste that is introduced into the conversion process. This metric can vary
depending on the type of Conversion Technology, the operation of the facility, and
specific characteristics of the waste stream.
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Facility Storage

Facility storage refers to the number of tons that a Conversion Facility can store in its
pit, or in other parts of the County’s solid waste management system, when the
processing components are either at capacity or not operating. Facility storage is a
part of the design of every Conversion Facility and is used to increase its operational
flexibility. Storage is used when the Conversion Facility is receiving more waste than
it can currently process and allows the Conversion Facility to accommodate variations
in the amount of waste that is received from day to day. In the Waste Simulation
Model, if more waste is delivered than the facility has capacity to process, the excess
waste 1s assumed to be stored. If the amount of stored waste reaches the assumed
facility storage amount, then the Waste Simulation Model assumes that excess waste
will start to be bypassed. However, in reality, some of this excess waste could
possibly be held in the storage areas at the transfer stations for short periods of time.

Model Outputs

The Waste Simulation Model uses the Assumed Operati
user and runs a hypothetical year of facility operation -
Delivery Schedule for that particular year. Ou imufation include
“Tonnage Processed,” “Tonnage Non-Processible,” :
(percent of “Total Tonnage Delivered”), “Residue To
Factor” (“Total Utilized Capacity” + “Rate yaci

user evaluate changes in waste processing
under different assumed operation:

nd the “Plant Capacity
ese outputs can help the

Simulation Results

Tables 6-7, 6-8, and imulations for each Conversion
Technology with fo ng lin vith an assumed capacity of 800 TPD per
processing line. The re ) ns for 2016, 2026, and 2036 are presented in
the tables. These re te the’effect of the growing waste stream and the

estimated operating diffexr tween each Conversion Technology at identical
sizes. '
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Table 6-7
Simulation Results
2016 Projected Tonnage
Advanced

Conversion Thermal

Technology Mass Burn RDF Recycling
Inputs
Processing Lines 4 4 4
Line Capacity (tpd) 800 800 800
Facility Availability 90% 87% 90%
Non-Processible Percentage 5% 5%
Residue Production 25% 22%
Facility Storage (tons) 10,000 10,000

Outputs
Tonnage Processed
Tonnage Non-Processible
Tonnage By-Passed
Total Waste Landfilled
Residue Tonnage

1,042,993
58,215
58,528

116,743

229,458

13.77% 10.07%
86% 89%
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Table 6-8
Simulation Results
2026 Projected Tonnage
Advanced

Conversion Thermal

Technology Mass Burn RDF Recycling
Inputs
Processing Lines 4 4 4
Line Capacity (tpd) 800 800 800
Facility Availability 90% 87% 90%
Non-Processible Percentage 5% 9%
Residue Production 25% 20%
Facility Storage (tons) 10,000
Outputs
Tonnage Processed 1,050,400
Tonnage Non-Processible 66,214

199,939
266,154

Tonnage By-Passed
Total Waste Landfilled

Residue Tonnage 31,088
Percent Landfilled 20.22%
Piant Capacity Factor 90%
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Table 6-9
Simulation Results
2036 Projected Tonnage
Advanced

Conversion Thermal

Technology Mass Burn RDF Recycling
Inputs
Processing Lines 4 4 4
Line Capacity (tpd) 800 800 800
Facility Availability 90% 87% 90%
Non-Processible Percentage 5% 9% 5%
Residue Production 25% 22%
Facility Storage (tons) 10,000 10,000
Outputs ’

Tonnage Processed
Tonnage Non-Processible

Tonnage By-Passed 416,699

Total Waste Landfilled 0,197 494,441

Residue Tonnage 20 231,088

Percent By-P 34.31% 32.01%

87% 90%

The resy e nstrte that a Conversion Facility originally sized at
3,200 T 0 havg’a minimal amount of bypass waste in 2016, estimated
to be betw . However, the model calculates that by 2026, the

County will een 150,000 TPY and 200,000 TPY of bypassed waste
depending on the technology employed. This would require approximately 400 TPD
to 600 TPD of additional disposal capacity in 2026.

By running a simulation for the entire 20-year operating period the Waste Simulation
Model can also estimate the timeline for adding additional disposal capacity to the
County’s system. For a Conversion Facility with four processing lines with capacities
of 800 TPD, we estimate that a fifth processing line of 800 TPD would be fully
utilized by between about 2026 and 2030, depending on the technology employed.

Factors Impacting the Number of Conversion Facilities

While the siting of multiple Conversion Facilities can result in some efficiencies in the
hauling of waste and some sharing of waste management impacts, the County must
carefully consider several issues in evaluating this decision.
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Economies of Scale

One advantage of fewer Conversion Facilities with larger individual capacities is the
utilization of economies of scale. This refers to the fact that the capital and operating
costs associated with processing waste are not linear. As the amount of waste
processed by a single Conversion Facility increases, the unit cost and effort to process
each additional ton decreases. This is because some activities require the same level
of expenditure and complexity regardless of the amount of waste processed, making it
more cost effective to maximize the amount of waste related to that activity. When
considering multiple Conversion Facilities, the County must consider the financial
benefits of these economies of scale to ensure that each Conversion Facility is
sufficiently sized to reduce its overall cost.

Siting Considerations

ple Conversion
ed neighbor by
erience similar

The County must evaluate the difficulty in siting and permitting
Facilities. Historically, Conversion Facilities have not been
residents and stakeholders and the County can reasonably
objections. As discussed in Section 14, it is likely th
and permitting of a Conversion Facility will be 4
process.

The County is likely to find it a challenge oz of the size and with the
infrastructure and land use requirements th3 rsion Facilities to be
constructed and operated efficiently. as access to major
roadways, power lines, other dictate whether the
Conversion Facility can be sit functions. A specific example
would be if the site does not requiring all transport of waste
and residual to occur b

Transportation
Another aspect for the: ider when siting a Conversion Facility is the cost
of transportation incurred aste collection vehicles and long-haul vehicles. In

to transfer stations where it 1$"loaded and compacted into trailers that haul the waste to
the Cedar Hills landfill. Proper siting of a Conversion Facility should attempt to
minimize the distances that collection vehicles and haul vehicles have to travel in
order to reduce the total cost of the County’s solid waste management system. It is
also possible that one or more Conversion Facilities could replace one or more
existing or planned transfer stations as the destination for collection trucks. Decisions
by the County to replace a transfer station must be made carefully to ensure system
efficiencies are maintained and the County’s investment in transfer station
development is considered.

Advantages and Disadvantages of each Scenario

The advantages and disadvantages for both a single facility, and two facilities or more,
are shown in Tables 6-10 and 6-11, respectively.
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Table 6-10
Advantages and Disadvantages of a Single Facility

Advantages

Disadvantages

m  Siting and permitting costs would be less than for
multiple-facility options and potentially easier due to
the likely public resistance, location of interconnection
and other utilities, etc.

m  Residue transfer to disposal site is more consolidated
than for the multiple-facility options and therefore is
likely less expensive

m  Takes greater advantage of economies of scale in
larger facility in terms of development and operating
and maintenance costs

m  Depending on location, could displace one or more
existing or planned transfer stations and the required
investment in these facilities

m  Demands on internal County resources during
development and operation likely to be less than for %
multiple-facility options

m  |f County chooses to contract with a pri
the single-facility option would result in fe
operating contracts and possi
cost than multiple-facility g
would likely have its ows

Siting and permitting of a single large facility may
be more challenging size of plant footprint and
because of issues of inequitable distribution of
impacts in County

In-county backup or redundant disposal capacity
centered at one location which could prove a
vulnerability if facility becomes isolated in a
catastrophe or if facility goes off-line because of

geographic section of the
of all the solid waste

pending on location, could make redundant one
more existing transfer stations and the
ment made in these facilities
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Table 6-11
Advantages and Disadvantages of Multiple Facilities
Advantages Disadvantages
m  Siting of multiple smaller facilities versus a single large m  Siting and permitting are more expensive
facility may be less challenging because of the reduced than for a single facility
size of plant footprints and because of issues of m  Higher development and operating and
inequitable distribution of impacts to County maintenance costs than single facility due to
m  Shorter haul routes to facilities from some areas of the reduced economy of scale

County compared to routes for a single facility, therefore g Residue transfer to disposal site is less
lower hauling cost consolidated than for a single facility, likely
m  Distributed facilities more likely to result in more equitable to be more expensive

distribution of impacts than single facility = Depending on facility locations, could make
= Multiple facilities result in more redundancy than a single redundant one or existing transfer
facility, making the system less vulnerable to disruption stations and the ent made in these

= Depending on facility locations, could displace one or facilities
more planned transfer stations and the required = : ty resources
investment in these facilities i ration likely to

ould likely involve separate
ntracts for each facility,

ater administrative burden
fhan for single facility

Conclusions Regar umber of Conversion
Facilities
We have identified
Facilities based on th

f the capacity and number of Conversion
priorities, as discussed above. Our analysis is based
on the assumption that pty will generate waste and realize an escalating
recycling rate as outlined 1 le 6-1. Using these criteria, we estimate that the
County will require approximately 3,200 TPD of disposal capacity in 2016. The
County’s three higher priorities could be met by siting a single Conversion Facility
consisting of four conversion processing lines each sized at approximately 800 TPD.
This configuration would represent the least expensive option in terms of capital cost
and operating expenses; it would be the most efficient in terms of generating power,
and it would result in the smallest number of sites that would have to be permitted.

This Conversion Facility should be designed to accommodate the future addition of a
fifth conversion line also sized at 800 TPD. We recommend the County consider
having any additional processing lines sized the same as the first four lines. We
believe that this will help in terms of scheduling downtime, ordering replacement parts
and supplies, and operator familiarity with the units. It should be noted that an
additional conversion line of 800 TPD is large and our analysis estimates that it would
not be fully utilized until around 2030. On the other hand, if the County decides to
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wait to build a fifth processing line until enough waste is generated to use the full
capacity of an additional 800 TPD line, it could result in the landfilling of significant
quantities of bypass waste prior to the commencement of its operation. The County
could consider a scenario in which it would install the additional disposal capacity
earlier than would be required for its own disposal needs and accept solid waste from
outside of the County on a short-term basis until the County requires all of the
capacity itself. This would provide a source of tipping fee revenues to the County
while assuring that the additional capacity is operated at its most efficient energy-
generation level.

The construction of a single Conversion Facility of 3,200 TPD does not address the
County’s two lower priorities—to minimize bypass waste and to minimize system
hauling costs—as well as a scenario with more processing lines and multiple facilities
would: In addition, the construction of a single Conversion Facility means that one
geographic area of the County would assume the full impact of the County’s waste
disposal solution.

It is important to recognize that the purpose of alysis is not to arrive at one
optimal solution but rather to indicate the max§ meters that the County
will have to consider if it selects the Con osal Option. There
are a large number of possible combina configurations and

sizes. The discussion of a single Conversion' 1mt1a11y sized at 3,200 TPD with
four processing lines is based & nning assumptions regarding the
County’s waste and the state of t intent is for the County to use
this discussion to furth drawbacks of different sized

n of a Conversion Facility.

or a Conversion Facility will be dependent upon its
| plans for future expansion. Private waste haulers are
about unloading their collection vehicles as quickly as possible
in order to retu the collection route. Therefore, it will be important for the
Conversion Facility to have a sufficient number of tipping bays allowing vehicles to
unload efficiently. In addition, the Conversion Facility should have a storage pit or
tipping floor that is sized to store a minimum of three days of waste supply. Further,
the County will want a facility site large enough to allow collection and transfer
vehicles to queue up on-site rather than back up onto public roads.

The required size of the site will be different for construction-related activities as
compared to the actual operation of the Conversion Facility. The County may need to
consider using adjacent parcels of land for laydown area during the construction
phase.

Based on these requirements, our opinion is that the County should consider facility
sites of at least approximately 15 to 20 usable acres for the operation of a single
Conversion Facility sized at 3,200 TPD. A larger site results in greater flexibility in
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accepting solid waste deliveries and general operation of the Conversion Facility. The
size of the site would also be impacted by decisions the County makes regarding the
types of vehicles that can access the site. If collection vehicles deliver directly to the
Conversion Facility, more space and tipping bays will be required for the larger
number of vehicles. This could be reduced if the County only allows transfer vehicles
to access its site. If the County should opt for multiple facilities of smaller size, our
opinion is that the County would need a facility site of approximately 10 to 12 usable
acres for the operation of a Conversion Facility sized at 1,000 TPD. It should be noted
that at most sites, the number of usable acres may be less than the total area of the site
due to potential constraints such as wetlands, streams, slopes, and sensitive area
buffers. © For estimating purposes we have assumed that the actual site size for a
Conversion Facility will be approximately 125% of the estimated usable size required.

Combination of Facilities Required

In addition to the Conversion Facility discussed in this sectior
solid waste management facilities the County would need ¢
of a Conversion Facility. This assumes that the non-p not recycled
or reused, and that no beneficial use is found for the
are implemented these requirements will be signifi
6-12. Also inherent in this discussion is th
will operate as expected and that the compo
not change significantly from that discussed
capabilities of the Conversion Facili e I
than expected, for example, d :
rates, the requirements may Y
6-12.

ile 6-12 lists other

e Conversion Facility
of the waste stream will
the waste processing

, rer-than-assumed recycling
than the ranges shown in Table

Requirements

Required in 2016

Bypass and Non-Prgge Pisposal Capacity 115,000~160,000 TPY
at a Landfill

Residue Ash Disposal Capacity at a Landfill or 200,000-260,000 TPY
through Beneficial Reuse

Truck-to-rail intermodal capacity will be required for the disposal of these bypass and
non-processible wastes as well as the residue ash. Due to the smaller tonnages
requiring disposal at a landfill, the Conversion Technology Disposal Option is not as
taxing on the existing truck-to-rail intermodal capacity in King County (see discussion
below). For this reason, it is likely more cost effective for the County to obtain these
services through a contract as opposed to building its own dedicated intermodal
facility.
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Waste Export Disposal Option Facility
Considerations

Truck-to-rail intermodal capacity will be required to a significantly greater extent for
the Waste Export Disposal Option than for the Conversion Technology Disposal
Option. This capacity could be provided through contract with private industry or it
could be constructed by the County with the option of County operation or contracted
operation. An important aspect of intermodal rail operation is that it requires very
close cooperation with, and dependence on, the serving railroad company(ies) to
which the waste hauling is being consigned. Long hauling of waste by truck to the
regional landfills in eastern Washington and Oregon, or even farther to Idaho, is not
considered practical or cost competitive with rail due to the long distances involved
and the increasing cost of diesel fuel.

Currently there is insufficient developed truck-to-ra
County to handle the quantity of County waste
2036, and there is a growing demand for

odal capacity in King
in the years 2016 through
dal capacity does exist.

that would likely need to be ship
would suggest that the County co
contract.

The County’s tra
Disposal Option.
stations rmgh b

] . For this latter option, we
e intermodal services through a

be an integral part of the Waste Export
ng of the intermodal facility, one of these
al facility if the County is the owner of the
mosti ely site for a new intermodal facility would be
re some sufficiently large parcels of land still exist with
potential e WO %%ilroad mainlines, the South County transfer station
' ste Export Plan would be a likely candidate facility to co-
ity built by the County.

Siting of Intermodal Facilities

Siting an intermodal rail facility requires a site that can accommodate a full train and
that provides access, either direct or via one of the two railroad companies, Burlington
Northern Santa Fe (BNSF) and Union Pacific (UP), to both of the mainlines that serve
King County.

Ideally, the intermodal site must allow a full train (approximately 6,500 lineal feet) to
completely exit the mainline without uncoupling and conversely must allow the
makeup of a full train, including brake testing, before it enters the mainline.

Truck-to-rail intermodal sites must obviously be sited with access to a rail line. To
provide the County with cost competitive access to all of the regional landfills in the
Northwest (Washington, Oregon and Idaho), the intermodal facility will need access to
both the BNSF and UP railroads. Depending on the location in the County, some
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intermodal sites could access both railroad companies’ mainlines even if they only
have access to one of the mainlines, due to the existence of reciprocal switching
agreements between the two railroad companies. At other locations where a reciprocal
switching agreement does not exist, the cost to switch from one line to the other could
be prohibitively high, effectively denying the County access to one or more of the
regional landfills.

The intermodal site will also require good access from one or more major arterial
highways to facilitate rapid transfer truck access.

Since the intermodal facility is likely to be operated as much as 24 hours a day, seven
days per week, the site should be located where it does not have sensitive noise
receptor neighboring properties such as properties zoned Rural.

Sizing of Intermodal Facilities

Based on our previous experience with conceptual design and
intermodal facility for King County at two other sites, we est;

luations for an
at at a minimum
a 6,500-foot
running track/lead and three pairs of intermodal loading tr . on center with

when there may need to be a significant nu or full export containers
stored on the site due to upset conditions ei _
of the disposal system. Laydown «days of full or empty
containers is recommended. Ap tsPwill be required to store
one day’s waste generation a ate of 43 percent. It may also be
advisable to consider having la r waste containers from other
jurisdictions as well 1 - ge enough to accommodate these
additional containe '

The transfer station requirements for the waste export system have been identified by
the County in the draft Waste Export Plan. We do not foresee a need to modify the
suggested station requirements set forth in the Waste Export Plan. A single truck-to-
rail intermodal facility is also discussed in the Waste Export Plan with the possibility
of multiple facilities under certain circumstances. Intermodal facilities are like
Conversion Facilities in that there is an economy of scale both in capital cost and in
operation and maintenance costs in a single large facility versus two or more smaller
facilities.

For the purposes of this report, we have assumed that a single truck-to-rail intermodal
facility, publicly or privately owned, would be located in the South County area,
where access to both railroad companies’ mainline tracks is most likely, and would
operate in conjunction with the transfer/recycling stations defined in the County’s
draft Waste Export Plan.
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Section 7
POTENTIAL IMPACTS OF RECYCLING ON
CONVERSION TECHNOLOGIES

King County has proven to be a leader in recycling and waste diversion efforts and its
programs rank among the most successful in the nation. This section of the report
discusses the potential impacts of the County’s current and proposed recycling
programs on the operations of the recommended Conversion Technologies. This
section also discusses the potential impact on the energy generation function of the
Conversion Technologies if, in the future, the County increases the quantities of
recycled materials currently being removed from the wastesstream.

King County Code, Chapter 10.14, states that “it i
and recycling are the highest priority of the viab

zed that waste reduction
ste management options”
waste of resources by
tions places greater
emphasis on waste reduction and recycling rmitting, siting, and
development of a Conversion Facility.

The County has nu 5P . divert and recycle specific materials
from the waste stré; : s serve the residents of the unincorporated
areas of the County a bcities, excluding Seattle and Milton. These
programs 1 iepside, multi-family, commercial, drop-box and
construc , | as programs for hazardous waste management and
other pro sscription of County programs and historical recycling

Future Recycling Program

Public entities can attempt to increase the amount of material they recycle through
some combination of the following: increased types of materials that are targeted for
recycling, increased levels of participation and/or separation efficiency, or changes in
the methods in which the material is collected. The following discussion identifies
potential changes the County could consider and the potential impact that each change
could have on the County’s current level of recycling.

RWRECK
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Level of Participation

Current Curbside Participation

According to the Solid Waste Division’s 2005 Waste Reduction & Recycling
Telephone Survey, approximately 87 percent of King County single-family
households, and 94 percent of multifamily households say they use their on-site
recycling services. This very high level of participation in the curbside program may
represent limited opportunities for significant future increases in participation.
However, significant quantities of targeted recyclable materials still remain in County-
disposed wastes, so there may be more substantial opportunities to increase the
efficiency with which current households, as well as businesses, separate targeted
recyclables from their garbage.

Current Drop-Off Participation

While the exact level of participation at the transfer station dr
County does have some statistics as a result of a 2006
recyclable materials to King County transfer stations:’

is not known, the

m  Loads of recyclable materials came predominanfl le-family
residences; and '

®  The majority (74%) of customers s id ubscribe to recycling
collection service.

Programs.Proposed t

Solid Waste Division s
as part of the Comp
bans on yard wast
likely to increase.

I programs and policies are adopted
»ssuell as mandatory paper recycling and
s at transfer stations, recycling quantities are

ee an increase in tonnage due to the expanded
availability of the service® mple, according to the County’s website, there are
currently 10 communities ingghe County that offer residents the opportunity to divert
food waste with their yard waste set out for curbside collection. Because residential
organics (wood/yard/food waste) make up a large portion of the waste stream,
Division staff deem it likely that these materials will be targeted by the County for
increased recycling opportunities.

Certain recycling prog

! Source: “Waste Monitoring Program, 2006 Transfer Station Recycling Survey Final Report,” August
2006, prepared by Cunningham Environmental Consulting.
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Goals and Objectives

Projected Types and Quantities of Material to Be Recycled in the Future

The County developed an estimate of future recycling quantities based on estimated
municipal solid waste generation and assuming a 44.6 percent recycling rate in 2007
with a 0.3 percent annual increase each year through 2036, as shown below in Table 7-
1. We have identified this scenario as the “Base Case.”

Table 7-1
Projected Quantities of Materials to be Recycled and Disposed of in
King County through 2036 Based on Current Recycling Rate
(Base Case)

Projected
MsSwW Projected
Generation Recycling Projected Tons

Year (Tons) Rate(" Disposed
2007 1,775,000 1,005,000
2016 2,209,300 1,164,301
2026 2,664,560 1,324,286
2036 3,329,423 1,554,841

Source: King County Solid Waste Divi

(1) Projected annual recycli 6% in 2007 with an increase of 0.3% per year

thereafter.
Using the quag gifecycled shown in Table 7 1 and applymg the

Wthh could
breakdowns se Case are shown in Table 7-2. In developing the numbers
shown in Table ‘% assumed each type of recycled material would increase at a
rate of 0.3 perce per year.
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Table 7-2
Projected Quantities of Material Recycled by Commaodity in King County
2016 through 2036 (in Tons)

(Base Case)

2016 2026 2036
Aluminum Cans 8,914 10,751 13,433
Tin Cans 8,459 10,127 15,574
0cC 204,925 247,153 308,822
High Grade Paper 30,741 38,400 49,637
Mixed Paper(") 134,280 167,735 216,815
Newspaper 130,491 157,381 196,650
HDPE : 5,699 8,019 1,451
PETE 6,375 8,970 12,810
LDPE 11,341 136 |
Other Plastic? 3,562
Container Glass N 54,061
Food Waste® 86,970
Yard Waste " 435,101
Wood Waste 37,153
Ferrous Metals , 129,201
Nonferrous Metals 18,737 23,412

1,340,274 1,774,583
FTE = polyethylene terephthalate;

increase of 0.3% per year for each material, with a

(2) Other plastic includes polys
(3) Food waste includes comp

For the purpose of identifying the potential impact on the heating value of the MSW
being delivered to a Conversion Facility under the Base Case, we have developed
planning estimates of the quantities of all material that will be delivered to a disposal
facility under the Base Case recycling scenario. The results of that comparison are
presented in Table 7-3.
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Table 7-3

Comparison of Material Being Delivered to a Conversion Facility
(Base Case)

2016 2036

Quantity %of  Quantity % of Quantity % of
Type of Material (Tons) Total (Tons) Total (Tons) Total
Aluminum Cans 3,532 0.38% 2,228 0.19% 3,358 0.22%
Tin Cans 6,973 0.74% 6,459 0.55% 3,894 0.25%
Newspaper* 25,362 2.70% 32,623 2.80% 49,163 3.16%
Oocc* 43,338 4.61% 51,231 4.40% 77,206 4.97%
Low Grade Paper* | 58,606 6.23% 57,549 4.94% 72,272 4.65%
High Grade ,
Paper* 15,277 1.63% 13,175 16,546 1.06%
Compostable
Paper* 52,054 5.54% 71,063 4.57%
Other Paper* 23,815 2.53% 0,018 3.22%
PETE* 5,981 0.64% 0.21%
HDPE* 4,739 0.18%
LDPE* 47,027 96,851 6.23%
Other Plastic* 88,538 5.69%
Glass 39,884 2.57%
Yard Waste 48,345 3.11%
Food Waste 18.67% 256,253 16.48%

110,634  9.50% 141,957 9.13%

Textile 61,238 5.26% 92,286 5.94%
Diapers 9,154 2.74% 35,893 3.08% 54,091 3.48%
Other Organics 30,646 3.26% 42,711 3.67% 64,365 4.14%
Ferrous Metals 22,367 2.38% 26,792 2.30% 32,300 2.08%
Nonferrous Metals 690 0.07% 818 0.07% 1,232 0.08%
Other Metals 31,709 3.37% 44,192 3.80% 66,598 4.28%
C&D 47,309 5.03% 65,934 5.66% 99,362 6.39%
Furniture and
Mattresses 25,572 2.72% 35,639 3.06% 53,708 3.45%
Other Waste 27477 2.92% 38,294 3.29% 57,709 3.71%
HHW 5,607 0.60% 7,814 0.67% 11,776 0.76%
Total 940,027  100.00% | 1,164,301  100% 1,554,840  100.00%

OCC = old corrugated cardboard; HDPE = high density polyethylene; PETE = polyethylene terephthalate;
LDPE = low density polyethylene; C&D = construction and demolition debris; HHW = household hazardous waste

* Represents a component of the waste stream with high energy content.
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Based on a review of the information in Table 7-3 and the quantities and percentages
of combustible MSW assumed to be delivered to a Conversion Facility in 2016 and
2036, it appears that reaching the Base Case recycling goals would not have any
significant impact on a Conversion Facility (assumed to be sized at 3,200 TPD, as
discussed in Section 6) in terms of either sufficient waste supply or the heating value
of the waste delivered to the facility. The data in Table 7-3 indicate that in 2016, more
than 1,164,000 tons of waste are projected to be available to a Conversion Facility. In
2036 that number grows to approximately 1,555,000. Since the assumed 3,200 TPD
Conversion Facility would process approximately 1,151,000 tons per year
(considering the assumed facility availability), the supply projected to be available
throughout the study period is more than adequate. In reviewing the assumed
composition of the waste stream in 2036, we note that there are still significant
quantities of the waste stream that are identified as having high energy content and
what they represent as a percent of the waste stream has not been significantly
reduced.

Based on this data, our opinion is that if the County reachesg e Case recycling
goals, this should not have any significant impact on th
Facility of the size assumed in this report.

Increased Levels of Recycling .

For comparative purposes, we developed £
increased its total level of recycling above th

The 60 Percent Level

We developed an estimate of¢ufu tantities based on the same estimated
MSW generation as the Bas ing sthat a 60 percent recycling rate
would be achieved b percent projections are shown in
Table 7-4. :

Table 7-4
Projected Quantities of Materials to be Recycled and Disposed of in King County
through 2036 at a 60% Recycling Rate

Projected
MSW Projected
Generation Recycling Projected Tons Projected Tons
Year (Tons) Rate Recycled Disposed
2007 1,775,000 44.6% 769,700 1,005,000
2016 2,209,300 47.3% 1,045,622 1,163,678
2026 2,664,560 53.7% 1,429,553 1,235,007
2036 3,329,423 60.0% 1,996,756 1,332,667

In order to increase the recycling rate from the Base Case amount of 53 percent to
60 percent by 2036, the County would have to recycle 60 percent of the projected
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waste generation of 3,329,423 tons (see Table 7-4), or approximately 1,996,756 tons
in that year. This represents an increase of 222,173 tons above the 1,774,583 tons that
would be required in 2036 in the Base Case. '

Planning-level tonnage estimates were developed for each commodity which could be
recycled for the period 2016 through 2036 at a 60 percent recycling rate. Estimates of
the breakdown of recycled material are shown in Table 7-5.

Table 7-5
Projected Quantities of Material Recycled by Commodity in King County (in Tons)
2016 through 2036
(60% Recycling Rate)
2016 2021 2026 2031 2036
Aluminum Cans 8,914 10,199 11,42 13,173 15,113
Tin Cans 6,459 8,600 13,963 17,521
ocC 204,925 235,891 308,024 355,146
High Grade Paper 30,741 ’ 59,564
Mixed Paper(" 134,904 265,813
Newspaper 130,491 194,489 223,690
HDPE 5,699 10,587 12,882
PETE 6,3 11,844 14,411
LDPE 15,323 17,091
Other Plastic? 5,370 6,617 8,052
Container Glags 3, 69,277 79,891 91,655
Food 26,649 170,451 227,671 294,899
Yard 293,983 329,117 379,39 435,101
Wood W 14,436 21,474 30,534 41,281
Ferrous Meta 89,177 96,938 108,596 121,126
Nonferrous Me 17,237 18,737 20,991 23,412
Total 1,045,622 1,237,612 1,429,553 1,695,835 1,996,756

OCC = old corrugated cardboard; HDPE = high density polyethylene; PETE = polyethylene terephthalate;
LDPE = low density polyethylene

(1) Mixed paper includes bleached polycoat paper.
(2) Other plastic includes polystyrene foam.
(3) Food waste includes compostable paper.

The estimated quantities and types of materials that could be recycled at a 60 percent
rate through 2036 are based on the following assumptions:

1. The County would work aggressively to increase the diversion rate of all the
materials currently targeted for recycling. The percentages below refer to the

amount recycled of the total quantities generated for each commodity.

R. W. Beck 7-7
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m ONP (newspaper), OCC (corrugated cardboard), and mixed paper all
reach a recycling rate of 90 percent or higher by 2036;

m  Glass, metal, and plastic bottles (PETE and HDPE) all attain a 90 percent
recycling rate by 2036;

m  Bleached polycoat paper (aseptic containers such as milk and juice
cartons) collected for recycling would dramatically increase. Fifteen
percent of polycoat generated would be recycled by 2016 and by 2036,
90 percent would be recycled;

m  Plastic containers (other than #1 and #2 bottles) attain a 30 percent
recycling rate by 2016 and 45 percent by 2036;

m  Plastic film and bags attain a 15 percent recycling rate by 2036;
m  Yard waste recycling would reach 90 percent by 2036;

m  Food waste would attain a 25 percent recycli
55 percent by 2036.

te by 2016 and

from disposal as part of the food was

For the purpose of identifying th
being delivered to a Conversi

“recycling rate, we have
material that will need to be sent
to a disposal facility at a 60 pe Fhe results of that comparison are

shown in Table 7-6.
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Table 7-6
Comparison of Material Being Delivered to a Conversion Facility
(60% Recycling Rate)

2003 2016 2036

Quantity % of Quantity % of Quantity % of
Type of Material (Tons) Total {Tons) Total (Tons) Total

Aluminum Cans 3,532 0.38% 2,228 0.19% 1,679 0.13%

Tin Cans 6,973 0.74% 6,459 0.56% 1,947 0.15%
Newspaper* 25,362 2.70% 32,623 2.80% 22,123 1.66%
occe* 43,338 4.61% 51,231 4.40% 30,882 2.32%

Low Grade Paper* | 58,606 6.23% 57,549 4.95% 28,909 217%
High Grade Paper* | 15,277 1.63% 13,175 1139 6,618 0.50%

Compostable

Paper* 52,054 5.54% 58,037 , 54,664 4.10%
Other Paper* 23,815 2.53% 44,383 3.33%
PETE* 5,981 0.64% 1,601 0.12%
HDPE* 4,739 0.50% 431 0.11%
LDPE* 47,027 5.52% 96,851 71.27%
Other Plastic* 43,718 5.15% 87,644 -6.58%

Glass 28,304 29700  2.23%
Yard Waste ' 48,345 3.63%

Food Waste 217,381 18.68% | 196,556  14.75%

110,634 9.51% 137,829  10.34%
61,238 5.26% 92,286 6.92%
35,893 3.08% 54,001 4.06%
42,711 3.67% 64,365 4.83%
2.38% 26,792 2.30% 40,375 3.03%
690 0.07% 818 0.07% 1,232 0.09%

Ferrous Meté
Nonferrous Metals

Other Metals 31,709 3.37% 44,192 3.80% 66,598 5.00%
C&D 47,309 5.03% 65,934 5.67% 99,362 7.46%
Furniture and

Mattresses 25,572 2.72% 35,639 3.06% 53,708 4.03%
Other Waste 27477 2.92% 38,204 3.29% 57,709 4.33%
HHW 5,607 0.60% 7,814 0.67% 11,776 0.88%
Totals 940,027 100% 1,163,678 100.00% | 1,332,667 100%

OCC = old comugated cardboard; HDPE = high density polyethylene; PETE = polyethylene terephthalate;
LDPE = low density polyethylene; C&D = construction and demolition debris; HHW = household hazardous waste

* Represents a component of the waste stream with high energy content.
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Based on a review of the information in Table 7-6 and the quantities and percentages
of combustible MSW assumed to be delivered to a Conversion Facility in 2016 and
2036, it appears that reaching a 60 percent recycling level would not impact the
quantity of waste required to operate a Conversion Facility sized at 3,200 TPD, as just
under 1,164,000 tons are projected to be available in 2016 for a Conversion Facility
assumed to process 1,051,000 tons per year. This tonnage also increases through the
study period to approximately 1,330,000 tons in 2036. However, the amount of higher
energy waste components assumed to be in the waste stream is reduced both in terms
of total quantity as well as a percentage of the total waste stream. This is true for
newspaper, old corrugated cardboard, low- and high-grade paper, compostable paper,
and PETE and HDPE bottles. These seven materials are projected to represent
approximately 19 percent of the total waste delivered to a Conversion Facility in 2016.
By 2036, those components are projected to represent approximately 11 percent of the
total waste delivered to a Conversion Facility. We also note, however, that the
percentages of certain other high-energy components are prejected to increase
between 2016 and 2036. These components include other pa PE other plastic,
other woody organics, textiles, and other organics. re prOJected to
represent approximately 32 percent of the incoming w.
39 percent of the incoming waste in 2036.

the waste received at a
1 effect on the amount

level may have a relatlvely small effect on t}
Conversion Facility which, in turn, may ha
of energy generated per ton of waste process

The 70 Percent Level

We undertook a similar analys ecycling level increased from the
Base Case to 70 percent i antities of materials recycled and
disposed of based . SH are shown in Table 7-7.

Projected Quantiti rialsito be Recycled and Disposed of in King County

Projected
MsSw Projected
: Generation Recycling Projected Tons Projected Tons

Year (Tons) Rate Recycled Disposed
2007 1,775,000 44.6% 769,700 1,005,000
2016 2,209,300 52.0% 1,148,312 1,060,988
2026 2,664,560 61.0% 1,626,650 1,037,910
2036 3,329,423 70.1% 2,334,556 994,867

Planning level tonnage estimates per commodity at a 70 percent recycling rate are
shown in Table 7-8.
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Table 7-8

Projected Quantities of Material Recycled by Commaodity in

King County (in Tons)

2016 through 2036
(70% Recycling Rate)
2016 2026 2036

Aluminum Cans 8,914 11,759 15,952
Tin Cans 7,751 12,074 18,494
0OCC 215171 276,502 366,726
High Grade Paper 32,937 45,021 62,873
Mixed Paper 145,499 200,348 281,409
Newspaper 137,015 176,070 233,522
HDPE 6,649 13,598
PETE 7,438 15,212
LDPE 18,902 68,365

Other Plastic @ 4,

Container Glass
Food Waste @) 9,590
Yard Waste 459,273
Wood Waste 61,922
96,938 121,126
18,737 23,412
3,663 7,628
11,079 23,072
6,493 13,523
6,447 13,427
6,359 12,786
1,556 3,078

1,148,312 1,626,650 2,334,556

OCC = old corrugated cardboard; HDPE = high density polyethylene;
PETE = polyethylene terephthalate; LDPE = low density polyethylene;
C&D = construction and demolition debris; HHW = household hazardous waste

(1) Mixed paper includes gift wrapping paper and bleached polycoat paper.

(2) Other plastic includes polystyrene foam.

(3) Food waste includes compostable paper.

(4) C&D debris includes roofing and siding materials and gypsum wallboard.

(5) Textiles includes clothing, carpet, upholstery and other textiles.

(6) Selected Other Wastes includes small appliances, electronics, computer equipment, televisions,
and cefl phones.

(7) HHW includes used oil, household batteries, and latex and oil-based paint.
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The estimated quantities and types of materials that could be recycled at a 70 percent
rate through 2036 are based on the following assumptions, in addition to those listed
for the 60 percent projections:

1. Gift wrapping paper would be added to the mixed paper category. By
2016, 30 percent would be recycled and by 2036, 95 percent of gift
wrapping paper would be recycled.

2. Polystyrene foam would be accepted for recycling.' Approximately
25 percent of polystyrene waste generated by 2036 would be recycled.

3. Plastic containers (other than #1 and #2 bottles) and plastic film and bags
all attain a 60 percent recycling rate by 2036.

4. Yard waste recycling would reach 95 percent by 2036.

Food waste, including compostable paper, would attain a 75 percent

recycling rate by 2036.
6. Additional construction and demolition (C& ials would be
recycled, including 25 percent of all roofing i aterials and

gypsum wallboard by 2036.

7. Recycling opportunities would be avail
percent of all textiles (including cax
furniture and mattresses generat:

ry) disposable diapers,

8. Increased efforts would be made yele approximately 95
percent of selected g yphances, electronics, and
computer equipme; hazardous waste.

For the purpose of identifying i n the heating value of the MSW
delivered to a Conversi ecycling rate, we have developed
planning estimate : ; all material that will be delivered to a disposal
facility at a 70 p Fhe results of that comparison are shown in

Table 7-9.
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Table 7-9
Comparison of Material Being Delivered to a Conversion Facility
(70% Recycling Rate)

2003 2016 2036
Type of Material ~ Quantity ~ %of  Quantity  %of  Quantity % of
(Tons) Total (Tons) Total (Tons) Total
Aluminum Cans 3,532 0.38% 2,228 0.21% 840 0.08%
Tin Cans 6,973 0.74% 5167 = 0.49%% 973 0.10%
Newspaper* 25,362 2.70% 26,098 2.46% 12,291 1.24%
occ* 43,338 . 461% 40,985 3.86% 19,301 1.94%
Low Grade Paper* | 58,606 6.23% 47,957 4.52% 14,454 1.45%
High Grade
Paper* 15,277 1.63% 10,979 3,309 0.33%
Compostable
Paper* 52,054 5.54% 47,155, “4. 27,332 2.75%
Other Paper* 23,815 2.53% . 43,242 4.35%
PETE* 5,981 064% < 0.08%
HDPE* 4,739 0.07%
LDPE* 47,027 ; : 45,577 4.58%
Other Plastic* 43,718 4 82,873 8.33%
Glass 24,608 2.47%
Yard Waste 6.01% 24172 2.43%
17.21% 109,198 10.98%

Food Waste

104,734~ 9.87% 114,014 11.46%
B7% 58,176 5.48% 69,215 6.96%

Diapers 2.74% 34,098 3.21% 40,568 4.08%
Other Organics™ 30,646 3.26% 42,711 4.03% 64,365 6.47%

Ferrous Metals 22,367 2.38% 26,792 2.53% 40,375 4.06%
Nonferrous Metals 690 0.07% 818 0.08% 1,232 0.12%
Other Metals 31,709 3.37% 44,192 4.17% 66,598 6.69%
C&D 47,309 5.03% 65,343 6.16% 94,908 9.54%
Furniture and

Mattresses 25,572 2.72% 33,857 3.19% 40,281 4.05%
Other Waste 27 AT7 2.92% 36,948 3.48% 49,021 4.93%
HHW 5,607 0.60% 6,561 0.62% 4,601 0.46%
Total: 940,027 100% 1,060,988  100% 994,867 100%

OCC = old corrugated cardboard; HDPE = high density polyethylene; PETE = polyethylene terephthatate;
LDPE = low density polyethylene; C&D = construction and demolition debris; HHW = household hazardous waste

* Represents a component of the waste stream with high energy content.
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Based on a review of the information in Table 7-9 and the quantities and percentages
of combustible MSW assumed to be delivered to a Conversion Facility in 2016 and
2036, it appears that reaching a 70 percent recycling level would impact both the
quantity and heating value of waste required to efficiently operate a Conversion
Facility sized at 3,200 TPD. The total quantity of waste assumed to require disposal in
2016 is approximately 1,061,000 tons, but by 2036 this number decreases to
approximately 995,000 tons. This is somewhat less than the assumed annual
processing capacity of 1,051,000 tons. The following high-energy waste components
are forecast to decrease between 2016 and 2036: newspaper, old corrugated cardboard,
low-grade paper, high-grade paper, compostable paper, PETE, HDPE, and LDPE.
These materials are forecast to decrease from approximately 22 percent of the waste
stream requiring disposal in 2016 to approximately 12 percent in 2036.

Based on this data, we believe the implementation of the 70 percent recycling level
would have an impact on the heating value of the waste receive a Conversion
Facility. This would affect decisions related to the size and ope f a Conversion
Facility.

Recycling by Conversion Faciliti

The following discussion provides background informs;
potential opportunities to recover mate
Technologies. Conversion Facilities recov:
storage pit. In the waste receivin
non-processable, bulky metal ite
Section § identifies materials 4 '
Technologies cannot process. ewsbeneficial reuse potential in the state
of Washington.

existing practices and
selected Conversion
on the tipping floor or

Mass burn waste-to-e
recovery. In the United St mass burn facilities combine the quenched bottom ash
from the furnace-boiler and the fly ash from the upper boiler and economizer hoppers
and the air emissions control system. Post-combustion material recovery consists of
metals removal from the resulting residue. Possible processing steps include
screening with a grizzly scalper, multiple stages of magnetic separation, and an eddy
current separator for aluminum. The grizzly scalper separates the oversized bulky
ferrous metal. The undersized ferrous metal and combustion residue fall for further
processing. Metal recovery rates of over 80 percent are achievable. The recovered
ferrous metal is entrained with ash and is highly oxidized, which reduces its market
value. In the United States, beneficial reuse of the remaining combustion residue as
alternative daily cover is widely practiced at MSW landfills.

Covanta Energy Corporation’s Fairfax County Resource Recovery Facility in
Virginia, Covanta’s Niagara Falls Resource Recovery Facility in New York, and
Wheelabrator Technologies’ Pinellas Resource Recovery Facility in Florida all use
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eddy current separators and other methods to remove and recover nonferrous metals
from post-combustion residue.

As described in Appendix B, the Spokane mass burn facility utilizes ferrous metal
recovery from the residue ash and white goods recovery from the receiving floor to
increase materials recovery. To the extent that a King County Conversion Facility
would use similar methods, there is a potential for the County’s overall recycling rate
to be increased by an additional 3 to 4 percent.

RDF Waste-To-Energy

Front-end RDF processing generally results in converting 90 percent of the solid waste
to a combustible fuel. The remaining 10 percent typically consists of recovered
materials and process residue. Ferrous and nonferrous metals are recovered on the
front-end using several processing steps which can ude size reduction with
shredders, screening with trommels, multiple stages gnetic separation, and an
eddy current separator for aluminum. Metal recg tes of over 80 percent are
achievable, but the recovered ferrous metalg ntaminated with RDF
products, has a lower market value than c To increase the RDF
‘ lass cullet, several
-stage holes in the

RDF processing facilities in the United St
trommel screens. :

’s RDF Plant and Covanta’s
sétts recover ferrous metal in the
yeriences at these facilities, it is clear
¢ combustion residue are achievable. In
ng combustion residue as alternative daily

The Southeastern Public Service
SEMASS Resource Re
combined combustio
that high recoveryg

fly ash streams are’kept separate at the German facilities. This separation facilitates
the beneficial use of the combustion residue. The bottom ash is used as construction
fill in the port area of Hamburg. The fly ash is stabilized with cement and used to
reclaim abandoned salt mines.

The bottom ash collects in a water bath at the bottom of the furnace-boiler units. After
discharging from the removal system, the bottom ash is sieved and crushed followed
by magnets and eddy current separators to remove ferrous and nonferrous metals.
Riddlings (grate siftings), and floating and suspended solids are returned to the waste
storage pit and mixed with the incoming waste. Soluble salts left in the wash water
are pumped to the process water treatment system for cleaning and reuse. The
washed, processed bottom ash is then conveyed to the storage area. Following
removal and washing, the bottom ash is crushed, screened, and conveyed to the
storage area.
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Fly ash, which is collected from the boiler and economizer hoppers and the two
baghouses, represents about 3 percent by weight of the waste feedstock. In the air
emission control system, the first baghouse is followed by a two-stage wet scrubber.

The flue gases first enter the hydrochloric acid (HCI) wet scrubber, which uses water
to remove highly soluble, HCI from the flue gas stream. A 10 to 12 percent HCl
solution is formed in the recirculating stream. The HCI scrubber blowdown is further
treated in the HCI rectification system, which cleans and concentrates the HCI to a 30
percent solution for sale in the water treatment industry. The HCI recovery rate is
typically 1.3 percent by weight of the waste feedstock.

The flue gases then enter the sulfur dioxide (SO;) scrubber, which uses lime to react
with and remove SO, from the flue gas. The reaction of lime and SO, with the oxygen
in the process forms calcium sulfate, or gypsum. The gypsum is washed and
dewatered in a centrifuge to meet a specified solids content (<10 percent) for sale to
the cement and wallboard industries. The gypsum recovery typically 0.3
percent by weight of the waste feedstock.

a marketable
occur after
o and will

These treatment processes result in materials that are rg
byproduct: stabilized bottom ash, HCl, and gypsum.
combustion of the waste, they are often considered &
decrease the amount of waste or ash requiring dispos

Recycling

In 2002 the Integrated Waste i (ISWA) conducted a nationwide
survey to re-examine whe
by TWSA in 1992 hag¢

many ways. The

recyeltng and WTE support one another in
ey findings include:?

m 100 percent of
m 82 percent of WTE

m 57 percent of WTE comimtnities have higher recycling rates than the national rate
(at the time of the study) of 28%. The average recycling rate for WTE
communities across the United States was 33%; and

Ave on-site recycling (e.g., metals, ash reuse, other);

m 100 percent of respondents surveyed provided evidence supporting WTE and
recycling compatibility.

? Jonathan V L. Kiser, “Recycling and Waste-to-Energy: The Ongoing Compatibility Success Story,”
MSW Management, May/June 2003.
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Impact of RecyCIing on Conversion Facilities

Our review indicates that the County’s stated intention to increase the level of
recycling from 44 to 60 percent would influence a Conversion Facility in one of three
ways:

1. Size. How much disposal capacity should the Conversion Facility(ies) be designed
to accommodate?

2. Timing. When should the County plan to have additional processing units of a
Conversion Facility constructed to meet future increases in the quantity of solid
waste generated?

3. Energy Generation. Depending upon the types of recyclable materials the County
focuses on, the impact on a Conversion Facility’s ability to generate power could
be positive, negative, or neutral.

Presented below is a discussion of the interrel
County’s recycling program and the development &

p between changes in the

Required Disposal Capacity

As discussed in Section 6, one of the most onsiderations if the County were
to proceed with a Conversion Faeilil
should be and how many Conver
and number of the Conversion F jrectly impacted by the assumed
level of recycling in t

To illustrate the be

reeycling, if each year the County continued to
recycle only 44 v§§

gste generated in the County, we estimate that
i Tacility sized at approximately 3,700 TPD to
f waste requiring disposal (from Table 7-1, 2,209,300

hich assumes the level of recycling has increased from 44.6

percent in 200% 10 ercent in 2016.

Similarly, by 20 ith no increase in the current level of recycling of 44.6 percent,
we estimate the County would require Conversion Facility disposal capacity sized at
approximately 5,600 TPD, assuming 90 percent annual availability. Under the Base
Case scenario, we estimate that in 2036, the County will require approximately 4,700
TPD of disposal capacity, a difference of 900 TPD of disposal capacity that would
have been required if the current recycling level of 44.6 percent was not increased to
53.3 percent. '

If one were to assume that the capital cost of a Conversion Facility was approximately
$175,000 per ton in 2007 dollars, reducing the amount of required disposal capacity by
900 TPD would save the County approximately $158,000,000 in capital costs,
expressed in 2007 dollars.
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If in the future the County determines to proceed with the development of a
Conversion Facility, it will be critical for the County to identify what represents an
attainable recycling level by 2016.

Need for Additional Disposal Capacity

As the amount of waste generated in the County increases in the future, and if the
County were to proceed with a Conversion Facility, it is likely that the County will
require the installation of additional disposal capacity after 2016. How much
additional disposal capacity will be required will be influenced by the amount of waste
the County is able to recycle. The initial design of a Conversion Facility should
include consideration of the construction of additional processing lines in the future
and should also consider the likelihood of attaining increased levels of recycling. This
will require careful consideration by the County in terms of having the necessary
disposal capacity on a timely basis but not installing it so early thatithe County has
tens of millions of dollars invested in equipment that is be. erated at a low,
inefficient rate. The County could expect to realize e , scale by adding
additional processing lines that are similar in size to the g

Impact on Ability to Generate Energy

Just as the size of a Conversion Facility
achieved in the County, so will the amo
generate. The impact may be positi

the level of recycling
version Facility can
llustrative purposes,

impacted under various app: ) that differ from the Base Case
discussed previously.

A review of the dat indicates that a significant portion of
v ¢ in the County would not be good sources
of feedstock for the<rec Conyersion Technologies. Table 7-10 presents a

in 2004 tons, that are not ideal types of feedstock at a
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Table 7-10
Recycled Material Which are Not a Good Source of Feedstock
for the Recommended Conversion Technologies

Tons % of Total
Material (2004) for 2004
Aluminum cans 3,534 0.52
Tin cans 2,857 042
Container glass 24,503 3.59
Food waste 32,900 4.83
Yard waste 222,701 - 32.67
Ferrous metals 53,979 7.92

Non-ferrous metals 245

Mixed tin, alum., plastic, glass from
County transfer station drop-off sites

Total
Note: Values from Appendix A, Table A-1.

0.19
52.59%

The information in Table 7-10 indicates t DI - yercent of the material
that the County recycled in 2004 feedstock for the recommended
Conversion Technologies.

We have developed estimates of the ¢ same recyclable material shown
' cycling rates. The results of this

Fable 7-11
ich are Not a Good Source of Feedstock
lecommended Conversion Technologies

2

ons at 60% % of Total Tons at 70% % of Total

(2036) at 60% (2036) at 70%

Aluminum can 15,113 0.76% 15,952 0.68%
Tin cans 17,521 0.88% 18,494 0.79%
Container glass 91,655 4.59% - 96,747 4.14%
Food waste 294,899 14.77% 409,590 17.54%
Yard waste 435,101 21.79% 459,273 19.67%
Ferrous metals 121,126 6.07% 121,126 5.19%
Non-ferrous

metals 23,412 1.17% 23,412 1.00%
Total 998,827 50.02% 1,144,594 49.03%

Note: Values from Tables 7-5 and 7-8.
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To the extent that the County could increase the amount and types of recycled
material, as shown in Table 7-11, the energy conversion capability of the Conversion
Technologies could actually be improved.

If the County were to implement the Base Case recycling level by 2036, there are
three potential impacts on the ability of the Conversion Facility to produce energy.
The potential impact will depend on the types and quantities of recyclable materials
the County determines it wants to increase. The potential impacts are as follows:

1.

Improved energy generation capability. The energy generation capability of the
Conversion Facility could improve if the County were to focus its increased
recycling efforts on the following types of materials that were disposed of at the
Cedar Hills landfill in 2003:

Quantity Disposed of at »

Cedar Hills Landfill in 20

Material (thousands of
iy

Food waste
Yard waste
Construction and demolition
Metals
Glass
Total

Most of these materials h
can represent potential air
handle (constructi id

ergy (glass, metals, food waste),
yard waste), or can be difficult to

b1is) ilhe removal of those materials from
a beneficial impact on the thermal production

capability of a
Decreased energ pability. The energy generation capability of the
Conversion Facility ease if the County were to focus its increased

Quantity Disposed of at
Cedar Hills Landfill in 2003
Material (Thousands of Tons)
Low grade recyclable paper 58
Compostable paper 52
Plastics 101
Newspaper 25
0ocC _43
Total - 2719
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These materials have significant energy content and their removal from the waste
stream could decrease the amount of energy a Conversion Facility could generate.

3. No net effect. There could be no net effect on the generating capability of a
Conversion Facility if the County were to focus its increased recycling efforts on
an even distribution of the recyclable materials along the line of what was
presented in the previous two tables. For example, if the County removed some
combination of glass, metals, yard waste, food waste, lumber and OCC, there may
be a trade-off between the loss of heat content in OCC and the removal of glass
and metal that have little heating value.

Summary

It is clear that future changes in the level of recycling in the County could have a
significant impact on the development of a Conversi lity. This is particularly
true in determining the amount of disposal capacity nstalled and the frequency
with which new disposal lines should be added.

Our review of the estimated quantity and ¢
delivered to a Conversion Facility undeg )
assumed level of recycling should not K nificant 1wipact on the energy
generating capability of a Convg nd there should be a more than
sufficient quantity of waste. It shyg
the facility (expressed as KWh/to
recycling increases to 7

ecycling level indicates that throughout the
ore than sufficient supply of solid waste but
mount of energy generated per ton of waste

The data we develg
20-year study period«

the net energy g

The level of future recycling is a critical policy decision that the County must address
as it proceeds to evaluate its waste disposal options. By achieving the Base Case
recycling goal, the County could potentially save hundreds of millions of dollars in
construction costs by constructing a smaller Conversion Facility. However, if the
County proceeds with the construction of a smaller Conversion Facility and fails to
achieve its recycling goals, it could be faced with a significant shortfall in disposal
capacity.

The Couhty must set recycling goals it realistically believes it can achieve and must
dedicate the time, effort and money required to meet these goals.
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Section 8
BACKUP DISPOSAL CAPACITY
FOR CONVERSION FACILITIES

For the purposes of this section of the report, the term “Backup Disposal Capacity”
refers to the method(s) the County must have in place to meet its total disposal needs
in the event that the primary disposal method(s) are not available either in total or in
part. Backup Disposal Capacity is a key consideration regardless of which method of
disposal the County selects. However, the employment of the Conversion Technology
Disposal Option would require the County to consider certain aspects that would not
be associated with the Waste Export Option and are beyond those outlined in the
County’s Waste Export Plan. ‘

B The required disposal of non-proce d unacceptable wastes;

| Conversion Facility(ies);

] hat affects either the primary
s the long-haul system;

]

] eration or change in composition; or

eneration before additional processing lines have been
S1on Facility.

through approprid ‘considered design and operation of the transfer stations in
conjunction withghie,Conversion Facility as well as the potential use and recovery of
non-processible waste and beneficial use of residuals. Even if these efforts are
successful, they will not eliminate the need for a plan for Backup Disposal Capacity in
the event currently unexpected problems are encountered.

Backup Disposal Capacity Options

Presented below is a discussion of options that may be available to the County as ways
to approach the need for Backup Disposal Capacity.
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Conversion Technology Redundancy

If the County were to build redundancy into its Conversion Technology system, the
amount of Backup Disposal Capacity required could be reduced. This redundancy
could come in two ways, each of which provides different benefits related to backup
disposal requirements. First, the County could choose to build multiple processing
trains at the Conversion Facility. As discussed in Section 6, this would provide some
flexibility during scheduled and unscheduled outages. This method could lose some
economies of scale as a result of using smaller processing trains, but if the size of the
trains stays above a specific threshold, the impact of this increased cost can be
reduced. The second method the County could use to build in redundancy would be to
locate these multiple processing trains on multiple sites, effectively building two or
more different Conversion Facilities. This option takes advantage of the flexibility of
multiple processing trains and also insulates the County from risks that could impact
one Conversion Facility while leaving the other Conversion Fagilities unaffected.
While these two options address the County’s need for backupdue’to scheduled and
unscheduled outages as well as logistical problems, they ma iciently address

as larger-sized processing trains, or as addi ins beyond the number
initially required to handle the expected wast
can accommodate, among other thi
It ent, or less than planned
recycling or reuse, it is ofte ay of providing Backup Disposal
Capacity based on the hi 1 /S h Facilities.

Currently, the Coun e Cedar Hills Regional Landfill to have permitted
capacity for County ¢ast until 2016. With the implementation of more
i i the construction of Conversion Facilities that could
be operational prior to 2016,¢he amount of waste requiring landfilling would decrease
significantly, potentially extending the life of Cedar Hills even further. The County
could also elect to develop one or more additional cells at Cedar Hills, thereby
increasing the available volume for future backup disposal needs. Finally, if the
County were to employ early waste export as outlined in the current Waste Export
Plan, the life of the Cedar Hills landfill could be further extended. By using these
methods to preserve the airspace at Cedar Hills, the landfill could provide the County
with backup disposal that could be utilized for any scenario where backup disposal
may be necessary. By keeping an in-county backup disposal facility, the County
would be able to maintain stronger control of its waste management responsibilities as
well as avoid the cost and energy required of long-hauling waste. Since the amount of
waste requiring disposal, either as normal bypass waste or as unprocessed waste when
the Conversion Facilities are not in service, would be significantly less than is
currently disposed of at Cedar Hills, the operation requirements at Cedar Hills would
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also be significantly reduced. This would likely save the County landfill operation
costs but would also sacrifice some economies of scale it currently realizes at the
Cedar Hills landfill.

Long-Haul to Regional Landfill

A third backup disposal option available to the County is long-haul to a regional
landfill. The three typical methods of long-haul are rail, truck, and barge, with rail
being the current method of choice in the northwestern United States. Long-haul and
disposal would likely be contracted services. Ownership and operation of an
intermodal facility (truck-to-rail or possibly truck-to-barge) would likely depend on
the quantity of waste material handled. In our opinion, given the likely amount of
normal bypass waste and backup disposal waste, the County should give serious
consideration to contracting out intermodal service. In addition, the County would
need to make arrangements for the use or disposal of residie ash from the Conversion
Facility, as discussed in Section 9. In the eventgt ounty is not able to get
permission from regulators to utilize a more ben: or such residue ash and it
must be landfilled, the County may find it hel
long-haul and disposal of both residue ag
processed by the Conversion Facility.

regional landfill is that the County would

f have to operate the Cedar Hills
Also, much, but probably not all,
sing of the waste would be
not clear whether this option

ol aste-to-Energy Facility utilizes long-hauling
in central Washington for both the dlsposal of its

Backup Disposal at Other Conversion Facilities

In order to help inform the County’s consideration of backup disposal options, Table
8-1 provides the backup disposal methods selected by other owners of Conversion
Facilities.

! As discussed in Section 6, the Spokane Regional Solid Waste System (“Spokane System”) includes
Spokane County, the City of Spokane, 12 other cities and towns, and Fairchild Air Force Base.
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Table 8-1
Methods of Backup Disposal at Existing Conversion Facilities

Material Requiring Backup Disposal

Conversion MsSw Residue
Facility Technology Stream(" Ash®
. Trucked to Private Trucked to County
Marion County, OR Mass Burn Landfil Monofil
. . . Rail to Private Landfill
Spokane, WA Mass Burn Raif to Private Landfill . (Monofil)
) ) Trucked to Landfill
Stanislaus, CA Mass Burn Trucked to Landfill (Monofil
Trucked to County Tryeked to County
Kent County, MI Mass Burn Landfil il (Monofil)
d to Landfill
Lancaster County, PA  Mass Burn Trucked to Landfill L ly Cover)
Baltimore, MD Mass Burn Trucked to Lapdf : I;andﬁll
Detroit, MI ~ RDF Trucked to Lang)
Trucked to Landfill
Hartford, CT RDF (Monofil)
ucked to Landfill
Norfolk, VA RDF (Daily Cover)
Trucked to Landfill
SEMASS, MA RDF (Monofil)
Hamburg, Germany ; Used as Base for
(MVR) Facilities Adjacent Port
Hamburg, Germany * Diverted to other Used as Base for
(MVB) onversion Facilities Adjacent Port

(1) When the Conversion Facility is notay
(2) When residue disposal or recovery s

Conclusions

Backup Disposal Capacity would be necessary if the primary disposal method for
County waste were a Conversion Facility. There are three principal backup disposal
options for Conversion Facilities in this region: waste export to a regional landfill; in-
county landfilling at the County’s Cedar Hills landfill where options exist to extend
the capacity and life of the landfill; and, to a lesser degree, construction of excess
capacity at the Conversion Facility(ies).

As discussed in Section 6, R. W. Beck believes that if the County decides to proceed
with a Conversion Facility, the County should employ multiple processing trains to
take advantage of operating and scheduling flexibilities. Nevertheless, the siting of
oversized or multiple facilities, even when considering the backup disposal
advantages, may not be the County’s most cost effective alternative. Furthermore,
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based on the information presented in this section and in other sections of this report,
in our opinion the County should consider the advantages of preserving airspace at the
Cedar Hills landfill as one way of providing Backup Disposal Capacity. If the County
decides at some point to develop the Conversion Technology Disposal Option, it is
likely that the choice for backup disposal will be between long-hauling to a regional
landfill, continued landfilling at the Cedar Hills landfill, or a combination of the two.
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‘Section 9
RESIDUE ASH MANAGEMENT

It is important to understand that the three Conversion Technologies under review will
generate residue ash that, under current State of Washington regulations, must be
landfilled. The Conversion Technologies should be capable of reducing the volume of
the incoming solid waste by up to 90 percent as outlined in Table 3-1. However, the
weight of the residue ash can be expected to be approximately 20 to 25 percent of the
incoming waste. The Conversion Technologies can save airspace in landfills, but they
do not eliminate the need for proper disposal and/or beneficial use of the residue.

Conversion Facilities is
anner in which it must be
verall cost of solid waste

The composition and classification of residue ash fron
important to the County because these aspects impact th
disposed of, which in turn will impact the Cou
management and its flexibility in disposal of resi

As part of the review of the potential for t i /or disposal of residue
ash at Conversion Facilities in King . ied both upon our
experience in the industry and on inform: ;
Department of Ecology (DOE). discus
DOE as well as the operators of )
discussions was to gain an underst
ory. disposal of residue ash generated
by Conversion Faci ed available reports and studies from other

Conversion Facilit

residue
] framework for residue ash in Washington State;

ct residue ash management;

Potential markets for residue ash;

Disposal of residue ash; and

Likelihood that residue ash from a Conversion Facility could receive a
beneficial use designation.
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Existing Regulatory Framework for Residue Ash in
Washington

The state’s regulations address residue ash from Conversion Facilities as “Special
Incinerator Ash.” Under chapter 70.138.020 Revised Code of Washington (RCW),
“Special Incinerator Ash” means residues resulting from the operation of incinerators
or energy recovery facilities managing municipal solid waste, including solid waste
from residential, commercial, and industrial establishments, if the residues (a) would
otherwise be regulated as hazardous wastes under chapter 70.105 RCW; and (b) are
not regulated as a hazardous waste under the federal Resource Conservation and
Recovery Act, 42 U.S.C. Sec. 6901 et seq. The procedures for determining whether a
residue ash is a hazardous waste, as defined in chapter 70.105 RCW, are contained in
Washington Administrative Code (WAC) 173-303.

Applicable Designation Tests

The specific procedures required in the state of Wa qnine whether a
residue ash or a solid waste is a dangerous waste 4 ined i ph (3) of
WAC 173-303-070. These procedures, briefly describ '
would be applied to the residue ash expectedito result 1
King County.

First, the residue ash is not a disc . rding to the criteria
outlined in WAC 173-303-081. 4

Second, since the Conversi a listed dangerous waste source and

would not knowingly accept a residue ash is not from a listed

dangerous waste souggl i '
!

Third, the residue‘as
waste characterist
include ignitability, cor

to see if it exhibited any of the dangerous
AC 173-303-090. These characteristics
reactivity, and toxicity. Residue ash is neither
ignitable nor reactive. F o es of determining corrosivity and toxicity, quarterly
tests results would be performed on the residue ash from the Conversion Facility for
several years. The analytical data are obtained using the Toxicity Characteristic
Leaching Procedure (TCLP) and the pH of a solid method.

Finally, to determine if the residue ash would meet any dangerous waste criteria, either
static acute fish toxicity tests or acute oral rat toxicity tests would be performed
pursuant to WAC 173-303-110, using representative samples of the residue ash from
the Conversion Facility. Fish toxicity test are typically applied, since they are shorter
in duration, less costly, and more representative of the species most likely to be
affected. The test is intended to determine whether any of the samples would be
designated as either dangerous waste or extremely hazardous waste.

Also, to determine if the residue ash is a persistent dangerous waste pursuant to
WAC 173-303-100, the polycyclic aromatic hydrocarbons (PAH) content of the
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residue ash would be determined by testing a single composite sample representing
multiple quarterly samples of residue, in accordance with WAC 173-303-110.

Changes in Applicable Designation Tests

We discussed with representatives of DOE whether there are any anticipated changes
in its current applicable designation tests. We were informed that DOE does not
currently have any plans to modify any of the aforementioned testing requirements
because DOE believes the existing tests are suitable for determining whether residue
ash from Conversion Facilities represents a potential hazard to the environment.

Factors that Impact Residue Ash Management

Composition of Incoming Waste

The actual composition of residue ash is dete
which it is processed by any technology, b
residents and businesses generating the gé
disposal facilities. If it were possible
thermometers, household cleaners
bulbs from being thrown out wi
would not be as problematic as 1t ]
items, as well as many ot

much by the manner in
is disposed of by the
eived by solid waste
as mercury-based
e batteries, and fluorescent light
the composition of residue ash
is extremely unlikely that such
e waste stream. For planning
old hazardous waste item that is

currently being disg asket in someone’s kitchen may continue to
find its way into the ersion Facility.

Heavy metals are examples of contaminants that can have a
signific4 : sition of residue ash. In addition to being present in
residual wag ‘eould also be introduced into the waste stream by various
commercial ﬁ i enterprises. While the volume of the incoming waste is

metals is not simi reduced and contaminant levels in residue ash can become more
concentrated. As discussed in the previous section, the actual level of such material in
the residue ash will determine if the residue ash will be classified as a hazardous
material by a regulatory agency. Significant progress has been made in recent years
in: 1) reducing the amount of hazardous material used in the manufacture of goods;
2) educating the public about the problems with these items; 3) removing the materials
from the waste stream by implementing household hazardous waste collection
programs; and 4) treating residue ash prior to placement in a landfill to convert heavy
metals to non-soluble forms. In spite of these improvements, it will be critical to
continue monitoring the composition of residue ash.

Mercury is an example of a contaminant that remains a challenge. Our discussions
with DOE representatives indicated that mercury is still a significant issue for the
Spokane Conversion Facility, since mercury continues to be used in the manufacture
of certain common items including batteries, switches, fluorescent lights, and toys.
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While the state of Washington has recently passed legislation (Engrossed Substitute
House Bill 1002) banning mercury from selected consumer products, including
mercury-added novelty items, manometers, and thermometers, the ban’s effect
remains to be seen. If this ban and other management activities, especially recycling
of fluorescent lamps and thermostats, are effectively implemented and enforced by the
time a Conversion Facility would be operating in King County, the amount of mercury
in the incoming waste stream could be reduced. This would result in decreases in the
amount of mercury in the residue ash.

In addition to heavy metals, certain chemicals such as sulfur, chlorine, iodine, and
bromine can also affect the composition of the residue ash and air emissions
compositions if such chemicals are a part of the incoming waste stream. In addition to
being present in certain household items, these chemicals can also be introduced into
the waste stream as a part of construction waste and industrial chemicals (drywall,
pool cleaning, etc.). '

One approach for reducing the amount of certain cont 18, that cannot be
eliminated from consumer products, like mercury and suk '
stream is through continuing education and diversi

programs is to inform the public that these types of 1 ach either
the Conversion Facility or a landfill and residents shoulg the waste
stream as part of a household hazardous wagd cation on topics such as
the proper disposal of household hazardo ction and demolition

waste is important and is less expensive 1t pre-processing or
screening steps used to try to mini aminants once they have
been introduced into the wast

The County has already ta o reduce the introduction of
contaminants into t .thaP would likely be processed by a
Conversion Facili construction and demolition, hazardous, and

green wastes are 3 i by the County, so that they are not supposed
Study discussed in Sec eport indicate that the County has béen relatively
successful in its diversio

To the extent that the County can continue to expand its program to either eliminate
the generation of, or divert, contaminants from the waste stream, the residue ash from
a Conversion Facility would be positively impacted. Nevertheless, it should be
anticipated that the composition of the residue ash from a Conversion Facility will
have to be continually monitored, analyzed and evaluated throughout the Conversion
Facility’s operating life.

Type of Conversion Technology Employed

Each Conversion Technology uses very similar methods for combustion of the waste.
The differences between the technologies are associated with the way that they
process waste prior to the combustion, and the methods used to treat the resulting
materials after combustion. For example, RDF facilities are characterized by their
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shredding and sizing of materials into a more homogenous material (RDF) as
compared to mass burn facilities which do very little of this pre-processing. Likewise,
advanced thermal recycling facilities include treatment of bottom and fly ashes that is
more extensive than existing mass burn or RDF facilities in the United States.
Presented below is a discussion of how the differences in technology can impact the
composition and characteristics of the residue ash.

Residue Treatment and Air Pollution Control

Most of the mass burn, RDF, and advanced thermal recycling facilities currently
employ relatively similar residue treatment and air pollution control processes,
although typically to a greater extent and redundancy in advanced thermal recycling.
These processes have improved significantly in the last 10 years as the requirements
imposed by regulatory agencies have increased and the technologies have improved.
Keep in mind that all three of the Conversion Techny s generally operate well
within specified permit requirements, including the eristics of the residue ash.

Control of the combustion process in the b | for ensuring that the
materials are combusted completely, th efficiently, and that
emissions associated with incomplete or p dioxins and furans
are kept to a minimum. Mamtammg pro P! assure combustion of
certain pollutants is critical. Opeg manage the combustion process by
controlling the temperature, the su; i Re movement of the waste through
the boiler.

The flue gases tha L 1 process are subjected to certain
processes to remové i o1 fo the flue gas exiting the stack. Particulate

matter that is _
component . ‘ "‘" just be disposed of. Treatment of the flue gas

¢ teduction (SNCR) for nitrogen oxides (NOx)” which is
moval of NOx gases. Carbon, in the form of charcoal, 1s

to neutralize contaiminants like sulfuric and hydrochloric acids. Dry scrubbers involve
spraying a mist of lime slurry into the flue gases, while wet scrubbers involve pulling
the air through a liquid slurry of lime. Baghouses are used by Conversion Facilities to
remove particulate matter and metals. Baghouses are basically made up of hundreds
of fabric bags that filter the exhaust gas as it is drawn through them. The particulate
material captured by the baghouses is the fly ash.

Another process developed by Wheelabrator and employed at many facilities in the
United States and throughout the world is called Wes-PHix. Wes-PHix is a process
that chemically transforms lead and other heavy metals in the fly ash into mineral
compounds that substantially reduce solubility. It is used as a method to minimize
leaching of heavy metals and improve TCLP test results.

The second component of the residue ash is the “bottom ash,” which represents the
material removed from the boilers after combustion is complete. The efficiency of the

001640 | 11-01056-10004 | 6/8/2007 R. W.Beck 9-5



Section 9

combustion process is often measured by determining the amount of unburned carbon
remaining in the bottom ash. The goal of a Conversion Facility is to reduce, to the
greatest extent possible, the amount of unburned carbon in the bottom ash.

Following the combustion process, phosphoric acid is added to both the bottom and
fly ashes at most facilities. The addition of phosphoric acid changes the pH of the ash
material to make it more neutral. The acid also bonds with lead and cadmium
particles to create complex phosphates that are intended to not leach when subjected to
other acids. This step is crucial to ensure passage of the required TCLP test that is
conducted periodically on residue ash.

The final design of any Conversion Facility would be carefully reviewed by DOE as a
part of granting various operating permits. DOE will want to evaluate the ability of
the proposed design to meet established permit requirements for both air emissions
and residue ash. It should be anticipated that the design of a Cehversion Facility
would require design and installation of equipment capable of méefing the maximum
available control technology (MACT) standards. This wil consideration of

The composition of residue ash is impacte
which are generally collected separately, ar
often represent approximately 20
representing approximately 80 p

y ash and bottom ash,
disposal. Fly ash will

1etals, such as mercury and
combustion process and become
by the scrubbers as part of the fly

ash.

The question revol ¢ ing of the ash streams is whether it is better to
separate the fly as i from the bottom ash. This could become
important if a market sh could ever be developed.

The answer to this qu ot currently clear. Most Conversion Facilities
currently mix the two ash s. This is done because there are certain materials in
the bottom ash that can stabilize certain metals in the fly ash, reducing their ability to
leach out. Certain operators of Conversion Facilities add dolomite to the fly ash to
help stabilize other metals. As previously discussed, other operators apply the
WES-PHix process to the fly ash for the same reason. The potential problem of not
mixing the two ash streams is that there is a possibility that, in certain circumstances,
the fly ash may no longer be considered non-hazardous.

The determination by the County regarding whether to co-mingle bottom and fly ashes

at a Conversion Facility would need to be made very carefully and must be made in
consultation with DOE and the local health department. Since the history of the uses
or disposal of these types of ash has required either monofilling or use as daily cover
and road bases in landfills, many facilities currently mix the bottom and fly ashes from
their facility to treat (neutralize) the hazardous constituents in both materials.
However, as their specific characteristics have become better defined, and as
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regulatory agencies have become more willing to consider their potential for beneficial
use, the possible need to reconsider co-mingling has increased. Whether or not the
current practice of co-mingling will change will depend on whether a positive
economic benefit for the beneficial use of residue ash can be developed.

As discussed below, there are several potential uses for residue ash from Conversion
Facilities and each use requires specific characteristics. Uses such as base courses for
roads may require only the bottom ash, while segregated fly ash can be used as a
binder in concrete. Ultimately, a Conversion Facility would need to be designed to
meet the requirements specified by the state of Washington.

Potential Uses for Residue Ash

Currently the most common method of disposal of
acceptable method in Washington, is in landfills.
monofill, which is a single cell separate from w.

idue ash, and the only
1sposal often occurs in a
waste is placed. This is
h takes up much less air

ash to be placed without being covered
cover material is permitted by the state re ncy, landfill operators may also

system). If the resi
operators may be ab

ch purposes, Conversion Facility
on their residue ash.

Attempts have been s.to find a beneficial use for residue ash
outside of 1 pecially bottom ash, often contains relatively
few act produces acceptable TCLP test results, reuse of the
material nd, if ever developed, would further increase the
amount of from landfills as a result of Conversion Facilities. Residue

ed as a construction material, particularly in Europe. For
example, severa cts have used residue ash as structural fill, as aggregate in
cement blocks, as an additive in asphalt or concrete. Residue ash also has
applicability in environmental remediation at brownfields or mines and in several
agricultural applications. Ultimately, the beneficial reuse of the residue ash will be
limited to the allowed uses as defined by the regulatory agencies.

ash is being

Potential uses for residue ash are driven first by state regulatory requirements and
second by demand for the material to fill a need. In Florida, for example, strides have
been made in the use of bottom ash in'road construction and the manufacture of
concrete. This is partly because the demand for coarse aggregates in Florida far
exceeds the supply. Since the soils in Florida are predominantly sandy, much of the
needed coarse material must be trucked or shipped to the state, resulting in much
higher unit prices. This environment has facilitated the process to make bottom ash an
acceptable material for construction in Florida.
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Regardless of the suitability of the residue ash for the application, or the regulatory
acceptance of these uses, in order for the activity to be sustainable, a strong market
must exist for the resulting products. Since Washington does not have the same
geologic constraints as Florida (good aggregates are generally abundant in
Washington) the same market conditions will not apply. In order to be competitive
and profitable, the County must either find a need in the market that ash residue can
fill, or fill a need less expensively than it is currently being filled.

Likelihood that Conversion Technology Residue
-Could Receive a Beneficial Use Designation

As discussed previously, in the state of Washington residue ash is designated as
“Special Incinerator Ash” and is required to be disposed of separ om other solid
wastes. To overcome the first barrier to offering new o or disposal and
recycling of the residue ash the County would have to show st results that its
residue ash is not a dangerous waste and should th
Waste.” This change will allow uses for the resid
material in landfills and base material for access roa
of residue ash as Solid Waste would also allow the

1gnation will allow the material
up opportunities for the Spokane
pectation that, since Spokane has

sptoved this change, a re-designation of
the County s resi e easier. After startup of the Conversion

to be disposed of with other §
System to pursue reuse oppo

Facility in King fence of the residue ash as a Solid Waste
would require sever: ility operation, residue sampling and testing. For
illustrative purposes, W luded a more detailed discussion of Spokane’s

residue ash management i

Conclusions

The disposal of residue ash in the state of Washington is highly and carefully
regulated by DOE, which has established a series of applicable designation tests which
must be followed. Because the Spokane Conversion Facility has been able to produce
a residue ash which meets or exceeds all permit requirements for disposal in a
monofill at the Roosevelt Regional Landfill, it is reasonable to expect that the residue
ash from a King County-owned Conversion Facility could do so as well.

'"The Spokane Regional Solid Waste System (“Spokane System”) includes Spokane County, the City of
Spokane, 12 other cities and towns, and Fairchild Air Force Base..
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In March 2007, the Spokane Conversion Facility also received approval from DOE to
modify the designation of its residue ash from “Special Incinerator Ash” to “Solid
Waste.” This re-designation increases the potential to either find some possible
beneficial use for the residue ash or an alternative means of disposal. It is likely that a
King County-owned Conversion Facility could receive the same designation.

There are.certain measures the County could take to further enhance the possibility of
achieving a “Solid Waste” designation for the residue ash from a Conversion Facility.
These measures include: 1) continuing to provide alternative means of disposal for
problematic materials such-as construction and demolition debris and household
hazardous wastes; further 2) encouraging household hazardous waste collection
programs; and 3) continuing its public education program highlighting the benefits of
recycling and the problems associated with introducing hazardous material to the
waste stream. '

fate of Washington and the
options for the County to
gulatory changes would
t DOE would be open

In our opinion, the current regulatory framework in
efforts of the Spokane System provide several 4
consider regarding the disposal of residue ash. 4
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Section 10
ESTIMATE OF NET EMISSIONS

This section of the report presents R. W. Beck’s estimates of net emissions for the
Conversion Technology and Waste Export Disposal Options. For the Conversion
Technology Disposal Option, we estimated emissions for each of the three Conversion
Technologies evaluated in this report: 1) mass burn, 2) RDF, and 3) advanced thermal
recycling. For the Waste Export Disposal Option, we developed estimates for two
landfill gas technologies: 1) active gas collection with landfill gas flaring, and 2)
active gas collection with energy generation.

This section also presents assumptions, emission calculati
associated air quality impacts. Emissions estimates
technology-specific activities that are described i
County waste during the study period from 2016

methods, and estimates of
> developed based on the
section for the disposal of

The emission inventories include: 1)
importance in waste management, and 3)¢
the emission inventories include oxides o
sulfur dioxide (SO,), particulate
micrometers (PMjq), and lead.
include hydrochloric acid (HC

toxic pollutants of
criteria pollutants in
Ox), catbon monoxide (CO),
odynamic diameter less than 10
ts in the emission inventories

dioxins/dibenzofurans de carbon dioxide (CO,), methane
(CHa), and nitrous

With the exception ses, emission calculations for Conversion
Technologie b rally straightforward. Waste is burned and
the emi stion of that waste are 1ntroduced to the air pollutlon

Technologf“e ' ssions for the study period 2016 to 2036. Estimating
is a bit more complicated. Emissions are constantly
generated as tt e decomposes, and the waste deposited in a landfill can
potentially take dreds of years to decompose, although the emissions will be more
intense soon after the waste is deposited in the landfill compared to later years.
Emission calculations for landfills must therefore be completed for many years into
the future, well beyond the study period of this report. In the emission inventories for
the Waste Export Disposal Option we have included emissions from 2016 to 2200 in
an attempt to include in the estimate all future emissions from waste that would be
deposited in a landfill during the study period of 2016 through 2036.

Emission rates were calculated using published emission factors from the U.S.
Environmental Protection Agency’s (EPA’s) AP-42 reference document and from the
International Panel on Climate Change’s “Guidelines for National Greenhouse Gas

RWHECK
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Inventories.” Available source-specific emission information was also used to
calculate the emission inventories.

Greenhouse gas emissions can be divided into two categories: 1) sustainably harvested
biogenic sources (“biogenic”) and 2) fossil emissions. Biogenic greenhouse gas
emissions are from biomass materials such as food, wood, and paper. Fossil
greenhouse gas emissions are from materials with fossil origin (i.e., petroleum, coal,
peat) including plastic and some textiles. The emission inventories included in this
report are presented as total greenhouse gas emissions so that the technologies can be
evaluated against each other.

Four of the technologies being considered in this reportinvolve converting the waste to
energy. All three Conversion Technologies use the heat from the combustion of waste
to make steam for electricity generation. We have assumed that energy generation at a
landfill will use internal combustion engine-driven generators to produce electricity
from captured landfill gas. This is the technology employed at R
Landfill in eastern Washington. The electricity generated fi
will offset some portion of electricity generated by ot
Washington State and also avoid the greenhouse gas e
by the electrical utilities generating the electricity

County’s waste
gical utilities in
be released
sions with

Conversion Facility. Puget Sound Energy advised th gh waste-to-energy is
Washington, the utility

could use the power produced by a Con uget Sound Energy
anticipates that the energy produced would replace energy
that would otherwise be generate ural gas. The Puget Sound
Clean Air Agency does not dance for calculating greenhouse
gas emissions or avoided emis generation; however, the Energy
Infonnatlon Admmls Department of Energy, provides

The criteria polluta
three Conversion Tec
the following subsection
quality impacts.

reenhouse gas emission inventories for the
the two landfill gas technologies are presented in
th assumptions, calculations, and estimates of air

Methodology

The following subsections present the assumptions, emission factors, and emission
calculation methods that were used to estimate emissions of criteria pollutants, toxic
pollutants, and greenhouse gases.

Criteria Pollutant and Toxic Pollutant Emission Calculations

We calculated criteria and toxic pollutant emission rates for each of the technologies
based on the use of emission factors from the EPA’s AP-42 reference document and
emission source test data for similar waste disposal methods.

10-2 R. W. Beck 001640 | 11-01056-10004 | 6/8/2007



ESTIMATE OF NET EMISSIONS

Emission Calculations for the Waste Export Disposal Option

To calculate the emissions for the two landfill gas technologies, we began by
calculating the volume of landfill gas assumed to be generated by waste deposited in
the landfill. Landfill gas is a product of waste material being decomposed by different
bacteria in a landfill. For the purpose of estimating the emissions from solid waste
generated by the County, we have assumed that County’s waste will be deposited into
its own cells at a landfill, so we have only calculated the emissions associated with the
County’s waste. In reality, a landfill would not be operated in this fashion. In
addition, we have assumed that by volume, the landfill gas generated will be
composed of 55 percent methane and 45 percent carbon dioxide with small amounts of
nonmethane organic compounds (NMOC) and other inorganic compounds.

The volume of landfill gas generated at a landfill is calculated based on a first-order
decomposition rate equation used in the EPA’s Landfill Gas Emissions Model
(LandGEM) Version 3.02. The first-order decon ion rate equation (see
Equation 1) calculates the methane emissions based.@ amount of waste landfilled
each year, the methane generation rate constant Dbatential methane generation
capacity of the waste. Most of the private ; v ailable to the County
are located in arid locations; LandGEM thin

0.02 year” and a potential methane ge
methane per megagram of waste sheuld be
arid areas.

nventorying landfill emissions in

Equation 1

thane generation in the year of the calculation (m*/year),

me increment,

I

(year of the calculation) — (initial year of waste acceptance),

methane generation rate (year_]),

t~
S
It

potential methane generation capacity (m3/Mg),

N
I

mass of waste accepted in the ith year (Mg),

t; = age of the section of waste mass M; accepted in the ith year (years).

Landfill gas generation was calculated out to the year 2200 for the County waste
deposited in the landfill during the study period of 2016 to 2036. The waste deposited
in the landfill during the study period will continue to degrade and produce small
volumes of landfill gas for many years past 2200. For this report, the emission
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inventories for the two landfill gas technologies are calculated based on the volume of
landfill gas generated between 2016 and 2200.

We developed estimates of concentrations of mercury, reduced sulfur, chlorinated
" compounds, NMOC, and volatile organic compounds (VOC) in the landfill gas using
the EPA’s AP-42 default compound concentrations for landfill gas (see Table 10-1).
We assume 80 percent of the landfill gas generated is captured using landfill gas
collection systems at both landfills, and fugitive landfill gas emissions result in 20
percent of the total landfill gas generated at both landfills. The 80-percent capture
assumption is typical of actual performance at properly designed and operated
landfills. The gas capture percentage at a landfill can reasonably be expected to
increase over time as more of the surface area is under final cover. As an example, the
estimated gas capture rate for the Roosevelt Regional Landfill in 2005 was 78.9
percent, based on measured gas capture rates and gas production estimates. Because
this capture assumption is important in the overall assessment ofdthe landfill gas
technologies, we have performed a sensitivity analysis where t “capture rate was
alternatively assumed to be 70 percent and 90 percent.

Table 10-1
. inL
PoIIutapt Concentratlgghm an

ntration
Pollutant

© 2.92E-04
42
46.9
2,420
2,057

(1) AP-42Tabl ncentrations for LFG Constituents

To calculate emissions for the two landfill gas technologies, R. W. Beck obtained data
from two private regional landfills: Columbia Ridge Landfill in eastern Oregon and
Roosevelt Regional Landfill in eastern Washington. The Columbia Ridge landfill
combusts the captured landfill gas in a flare. The Roosevelt landfill has a contract
with Klickitat Public Utility District (PUD) to combust captured landfill gas in internal
combustion engines and generate electricity. Emission source test data for the
Roosevelt landfill flare and emission source test data for the Klickitat PUD internal
combustion engines were used to calculate NOx, CO, and PM,, emission rates for the
two landfill gas technologies. SO,, VOC, HCI, and mercury emission rates for the two
landfill gas technologies were calculated using a mass balance approach and the
assumed composition of the landfill gas with typical pollutant control efficiencies for
flares and internal combustion engines. Typical pollutant control efficiencies for
combusting landfill gas in flares and internal combustion engines are presented in
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Table 10-2. Flare and internal combustion engine secondary emission factors are
presented in Table 10-3.

Table 10-2
Typical Control Efficiencies
for Landfill Gas Combustion

Typical Control Efficiency (%)

Internal Combustion

Pollutant Flare Engine
NMOC 99.2 97.2
Halogenated Species 98 93
Non-Halogenated Species 99.7 86.1

Mercury 0
Source: AP-42 Table 2.4-3, Control Efficiencies for LFG Col

actors (1b/106 dscf CHa)

Internal Combustion
Flare Engine @

202 130
45 374
2538 19
CHq - 21

N2O @ - 02

(1)  Derived from Klickitat PUD engine generator system at Roosevelt fandfill (June 1999).

(2)  Derived from flare source test data at Roosevelt fandfill (February 2003).

(3) 2006 International Panel in Climate Change's Guidelines for National Greenhouse Gas
Inventories, Volume 2. Energy, Table 2.2, corrected to 500 Btu per scf landfilt gas.

Emission Calculations for the Conversion Technolo,gy*DisposaI Option

We developed estimates of emissions for the mass burn and RDF Conversion
Technologies using emission factors from AP-42 Chapter 2.1, “Refuse Combustion.”
Note that AP-42 emission factors are average values from source tests representing a
sample of mass burn and RDF facilities located across the United States; each of these
facilities has a different waste stream composition. Where AP-42 emission factors do
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not represent a large sample of different facilities, the EPA gives those emission
factors a rating of “Below Average.” Any AP-42 emission factor with a Below
Average rating has been noted as such in Table 10-4.

From an air emissions standpoint, an advanced thermal recycling Conversion Facility
can be considered to be a commercial mass burn facility with distinctive air pollution
control devices compared to typical mass burn facilities currently in operation in the
United States, most of which were placed into commercial operation 12 to 20 years
ago. Waste Recovery Seattle International provided emission factors for the advanced
thermal recycling Conversion Technology based on source test data for an advanced
thermal recycling facility located in Hamburg, Germany. A typical advanced thermal
recycling Conversion Technology includes a selective non-catalytic reduction (SNCR)
system to control NOx emissions, an active carbon injection system followed by a
baghouse to control particulate matter and mercury emissions, a two-stage HCl
scrubber to control acid gas emissions, a single-stage scrubber withglime injection to
control SO, emissions, and a second active carbon injection “followed by a
baghouse to further control particulate matter. Table 10-4 the mass burn,
RDF, and advanced thermal recycling emission factor$ lculating the

Air pollution control equipment at a typical mass
operation in the United States has not been
control equipment at an advanced thermal

¢ proposed air pollution
A typical mass burn or
for acid gas control,
ghouse. However, a

mass burn or RDF facility cou ame air pollution control
equipment used at an advanc ility which, in effect, would make
it an advanced thermal recy ty. During the last 20 years,
existing Conversion Fa either initially install or undertake
a retrofit of air po nt representative of the “maximum available
control technology . standards are set by the EPA based on the
demonstrated perfo ¢ equipment in the United States. We are not

aware of any technica the construction of new mass burn and RDF
facilities that included the pollution control equipment as advanced thermal
recycling could not result in“similar levels of emissions. For this reason, we would
expect a newly constructed mass burn or RDF Conversion Facility to experience better
emission factors than those shown in Table 10-4.
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Table 10-4

Emission Factors for Mass Burn, RDF, and
Advanced Thermal Recycling Conversion Technologies

Emission Factors

Advanced
Thermal
Mass Burn RDF @ Recycling @&
Criteria Pollutants (Ib/ton) (Ibiton) (Ibiton)
NOx 4 1.96E+00 2.76E+00 4.91E-01
CcoO 4.63E-01 1.92E+00 1.27E-01
S0, @ 5.54E-01 4.41E-04 2.59E-02
PMio 6.20E-02 6.06E-03
Toxic Air Pollutants
CDD/CDF ® 2.88E-12
Mercury © 1.88E-06
Lead ® 4 50E-06
HCI 3.90E-03

(1) AP-42Tables 2.1-2
for spray dryerw

el-Fired Combustors, Emission factors for

| from 2005 source test data at MVR facility in

We calculated greenhouse gas emission rates for each waste disposal option.
Greenhouse gas emissions include provision for the transportation of solid waste and
the greenhouse gas emissions generated by landfilling or combusting the waste.
Transportation emissions are based on round-trip travel for each transportation mode
and include:

Diesel trucks transporting waste from the King County transfer stations to either
the intermodal facility for the Waste Export Disposal Options or the Conversion
Technology facility (assume 27 tons of compacted waste per truck round trip);

Diesel trucks transporting non-processible waste and residual ash from the
Conversion Technology facility to an intermodal facility (assume 27 tons per
truck round trip); and
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B Diesel locomotives transporting the waste from the intermodal facility to a landfill
or diesel locomotives transporting the non-processible waste and the residual ash
from the intermodal facility to a landfill.

We assumed equal deliveries of the projected County waste between the existing
County transfer stations and the intermodal facility. We have also assumed the
Conversion Technology facility would be located in South King County. The EPA’s
Mobile 6 model calculated a diesel truck CO, emission factor of 3.13 pounds CO, per
vehicle mile traveled. Greenhouse gas emission calculations for the locomotives are
based on emission calculations shown in the 2006 King County Waste Export System
Plan. The locomotives have an assumed fuel efficiency of 1,550 ton-miles per gallon
of diesel fuel. A locomotive CO, emission factor of 22.23 pounds CO; per gallon of
diesel fuel is based on the diesel fuel containing 6.12 pounds of carbon per gallon and
99 percent of the carbon being oxidized when the diesel fuel is burned.

ling of waste in
a pollutant and
ditional factors

Greenhouse gas emission inventories for the combustion and lar
the five evaluated technologies are more complicated than t
toxic pollutant emission inventories because they must consi

are:

1. Some of the greenhouse gas emissions evol;
sustainably harvested biogenic matérials and emissions would have
evolved over time even if the m
naturally.

2. Landfilling, in particul
permanently, thus re ; tural cycle of decomposition to

ion into biological material.

Accordingly, greenhg
the criteria and tek

obestimated using the same methods as
her were estimated in consideration of the

(WARM), which allows &g
disposal alternatives.

Hon of the specific details of the King County waste

For the landfill gas technology that involves flaring, estimated greenhouse gas
emissions include provisions for assumed CO, emissions from captured landfill gas
combustion in the flare and fugitive CO, and CHy4 emissions from landfill gas not
collected by the landfill. However since virtually all the CO, is of biogenic origin, the
CO; is not counted in the emission inventory. The CHj is counted in the emission
inventory, because even though it is of biogenic origin, it would not have evolved
from normal aerobic decomposition in a natural environment, since methane is the
product of an anaerobic process rather than an aerobic process.

For the landfill gas technology that involves energy generation, estimated greenhouse
gas emussions include CO,, CHy4, and NyO emissions from captured landfill gas
combustion in internal combustion engines and the fugitive CO, and CH4 emissions
from landfill gas not collected by the landfill, although the CO; is not counted for the
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same reasons as described above. The internal combustion engines will still produce
some CHy and N,O emissions (see Table 10-3).

For the purposes of this report, the greenhouse gas emissions from the three
Conversion Technologies were considered together, even though there are differences
between the three technologies due to different degrees of recycling. The three
Conversion Technologies were combined into a single analysis for two reasons. First,
the analysis conducted here was based on the EPA WARM model algorithm, which
does not distinguish between different methods of waste combustion to generate
energy. We believe the advantages that the WARM model offers, with its ability to
adapt to the specific King County waste profile outweigh whatever inflexibility the
model has in adapting to the differences in the combustion technologies. Second,
since the major differences between the three Conversion Technologies for
greenhouse gases will result from different degrees of recycling, we believe the three
technologies eventually become very similar through the gontinued implementation of
i i he WARM model is to allow

solid waste planners to evaluate the differen tween waste-to-energy and
- 2. The King County waste

utes greenhouse gas

into cons*:‘é%ﬁfatlon that portion of

emissions for the Combustion Technologis
the waste which is biogenic.

The major adaptation to the WA
information to be provided concern
WARM model provided he EPA:

electrical generation that are offset
as a result of the gefl t the Convers1on Facility. These factors are

based on national a

tatives of Puget Sound Energy, we believe that any new
structed to meet future Washington State electrical demand
would not be bas coal combustion. In this analysis, we considered two avoided
emission scenarios?” The first assumes the electricity avoided at a power plant as the
result of the operation of the Conversion Facility follows the profile of how electricity
is actually generated at present in Washington State. The second scenario assumes
that 100 percent of the electricity that is offset would come from natural gas
combustion in a modern, combined-cycle electrical generation facility.

sources that 1

The greenhouse gas emission factors for each Conversion Technology are presented in
Table 10-5.
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Table 10-5

Greenhouse Gas Emission Factors for Conversion Technology

Emission Factors/Assumptions

CO: from
Energy Combustion
Content Alternatives
Waste Category (1 (Btu/lb) Efficiency (MTCE/ton) @
Aluminum Cans® -335 17.80% 0
Steel Cans® 210 17.80% 0
Copper Wire® 273 17.80% 0
Glass® 235 17.80% 0
HDPE 18687 17.80% 0.76
LDPE 18687 17.80% 0.76
PETE 9702 17.80% 0.56
Corrugated Cardboard 7043 17.80% 0.01
Magazines/Third-Class Mail 5258
Newspaper 7950
Office Paper 6800
Phonebooks
Textbooks

Dimensional Lumber

Medium-density Fiberboard

Food Scraps
Yard Trimmings
Grass

Leaves
Branches

Mixed Paper (ge
Mixed Paper (primahy
Mixed Paper (primari
Mixed Metals®
Mixed Plastics
Mixed Recyclables
Mixed Organics
Mixed MSW

Carpet

Personal Computers
Clay Bricks
Concrete

Fly Ash

Tires

17.80%
17.80%
17.80%
17.80%
17.80%

17.80%

6499 17.80%
-273 17.80%
18687 17.80%
5000 17.80%
5000 17.80%
5000 17.80%
13400 17.80%
1533 17.80%
0 17.80%

0 17.80%

0 17.80%
11769 17.80%

0.01
0.01
0.01
0.01
0.01
0.01
0.01

0.76
0.11
0.11
0.11
0.47
0.1
0
0
0
2.05

(1) Waste categories from the WARM model. The King County waste profile was given in different categories, which were
broken into these categories using engineering judgment.
(2)  MTCE (metric tons carbon equivalent) is customarily used for greenhouse gases, where COz, CHa, and N2O are expressed
relative to COz in terms of global warming potential and indexed back to carbon.
(3)  Negative values are shown for metals because energy is expended in combustion systems to heat the metals, and no

energy is given back.

10-10 R. W. Beck
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The WARM model analysis includes an estimate of the avoided greenhouse gas
emissions for the amount of electricity generated from landfill gas and from the
Conversion Technologies. The landfill gas-flaring technology does not generate
electricity and, as a result, no avoided greenhouse gas emissions are calculated for that
technology. The Energy Information Administration offers guidance for calculating
avoided emissions and provides avoided greenhouse gas emission factors for each
state. The Energy Information Administration has calculated, for each state, average
CO,, CHs4, and N,O emissions per kilowatt-hour of energy produced. Table 10-6
presents the avoided greenhouse gas emission factors for Washington based on the
current electrical generation methods used in the state. Table 10-6 also shows
emission factors for electrical generation assumed to result solely from natural gas
combustion in a modern, combined-cycle electrical generation facility. The avoided
greenhouse gas emissions are then subtracted from the total greenhouse gas emissions
released by each evaluated technology. Note that the emission factors presented in
Table 10-6 are based on actual generation methods u Washington State, rather
than an assumption that all of the avoided electrica tion results from fossil fuel
combustion.

mission Factors
(MTCE/kWh)

30.4
126

i stomarily used for greenhouse gases, where CO,,
to CO2 in terms of global warming potential and indexed
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Emission Calculations

This comparison analysis focuses on three overall categories of pollutants: criteria
pollutants, toxic pollutants, and greenhouse gas pollutants. Each class of pollutant is
treated differently depending upon on its type, its health/environmental effects, and its
regulation.

Criteria Pollutants

The Clean Air Act and its amendments were passed by Congress to provide a program
to improve the quality of the air in the United States. The Clean Air Act of 1970
requires the EPA to set National Ambient Air Quality Standards (NAAQS) for the six
so-called criteria pollutants: NOx, CO, SO,, particulate matter, ozone, and lead.

Particulate matter includes anything that exists in the atmosphere This
can include dust, dirt, soot, smoke, and liquid droplets, includi wything emitted as
vapors but that condenses in the atmosphere. Particulate mat; ally divided into
different classes based on size, ranging from total suspe i (TSP) to PMo
(particles less than 10 micrometers in mass-mean di %6 (particles less
than 2.5 micrometers). Currently, the EPA has issued ; ) t

Most ozone is not emitted directly; it is form on of NOx and VOC in
the atmosphere. As such, ozone emission through limitation of the
VOC precursor.

These pollutants are called they are regulated by
developing human health-basediat ed criteria (science-based
guidelines) for setting permiss ..., NAAQS). The set of standards based
on human health is called prim 1€ her set of standards intended to
prevent environme “¢alled secondary standards.

The NAAQS are *
pollutants in the air th
damage impacts. Curr

»fo place an upper limit on the amount of
' limited health and environmental/property
bient monitors are located throughout the United
States that measure conc ms of the various criteria pollutants. These data are
then compared with the NAAQS to determine the status of the ambient air in each
defined area. In an area where the pollutant concentration is below the NAAQS
threshold, it is called an attainment area (i.e., it has attained the threshold). Those
areas that do not meet the NAAQS are called nonattainment areas. Washington State
has had some nonattainment counties in the past, generally for PM;o, ozone, and CO;
currently, however, all of Washington State is in attainment.

To prevent regions where the air is in attainment from getting worse, the EPA
published the Prevention of Significant Deterioration (PSD) program for projects at
facilities located in attainment areas. This program focuses not only on the NAAQS
but also limits the incremental changes in air quality. The applicability of this
permitting program will have to be evaluated by the appropriate permitting agency if a
new facility is proposed or a modification to an existing facility is necessary.
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Table 10-7 summarizes the criteria pollutant emissions for each evaluated technology.
These values include both direct, process-related emissions (e.g., combustion exhaust),
fugitive emissions (i.e., emissions that are not captured), and transportation emissions
from transport of waste to the disposal location.

Table 10-7
Estimated Criteria Pollutant Emissions for Each Disposal Technology
(in tons for waste disposed of in 20-year period 2016-2036)

Waste Export
Conversion Technology Disposal Option () Disposal Option @

: Active Gas

Active Gas Collection
Collection with Energy
with Flaring  Generation

Refuse-
Mass Burn Derived Fuel

NOx 26,693 2,362 6,166
Cco 6,324 590 13,441
SO; 7,445 496 496
PMso 843 947 712
VOC 33 7,618 8,201
Total Hydrocarbons - - -
Lead 0.06 - -
Note: These estimates include emissiol ted and fugitive) and transportation
(1) Basedon 20 years
(2) Basedon gas gel years (from 2016 to 2200)
For most o ollutants, the landfill gas technologies are calculated to have
less emissions'l onversion Technologies. However, for VOC, the Conversion
Technologies ha ty little emissions compared with the landfill gas technologies.

For the Conversion Technologies, advanced thermal recycling has nearly an order of
magnitude less criteria pollutant emissions than mass burn and RDF. This can be
attributed to the air quality control devices used with advanced thermal recycling. As
discussed previously in this section, we are not aware of any reason a mass burn or
RDF facility could not achieve levels similar to advanced thermal recycling if the
facility was designed to include similar air pollution control technology.

It should be noted that the values in Table 10-7 do not include any avoided emissions
for the electricity that is provided by the four technologies that do generate electricity.
No formal analysis has been performed here of these offset emissions, but we expect
that any such avoided emissions would be low. Even if 100 percent of the electricity
was to be provided by a natural gas-fired power plant, combustion of natural gas
generates very little SO,, PM;g, VOC, or lead. The primary avoided emissions would
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be NOx, and even the NOx emissions from a modern natural gas electrical generation
facility of 75 MW would be 50 tons per year or less.

Toxic Pollutants

The 1990 amendments significantly modified the Clean Air Act. These amendments
contained major new provisions for control of toxic air contaminants. The revised
Clean Air Act requires regulation of 189 toxic chemicals, the so-called hazardous air
pollutant (HAP) list. Generally, HAP chemicals are those that are not explicitly
considered criteria pollutants. However, because most hazardous air pollutants are
organic, they are included within the VOC category, as a precursor to ozone. The
EPA may add chemicals to or delete chemicals from this list of-189. With the
delisting of caprolactam and methyl ethyl ketone (MEK), there are currently 187
chemicals on the HAP list.

The 1990 Clean Air Act Amendments also mandated that the EP
major sources of air toxics. These standards require maj
pollution to use “maximum achievable control technolog
that both new and existing major sources of toxic ai
technology which provides maximum control of to ' i 182 An initial
list of toxic source categories (i.e., industry types) was, |
municipal solid waste landfills.

andards for all
ces of toxic air
ded to ensure

State agencies can have the latitude to cre ams to regulate toxic
pollutants. At a minimum, all toxi
state agencies can include any a4
Examples of toxic air poll
perchloroethylene, which is e
chloride, which is use

t necessary to regulate.
, which is found in gasoline;
leaning facilities; and methylene

As such, the toxics
representative of the
source type. Please not ’review was limited to a few key pollutants. It is
possible that others could t portant at some future date. Table 10-8 summarizes
the toxic pollutant emissions for each of the evaluated technologies.
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Table 10-8
Estimated Toxic Pollutant Emissions for Each Disposal Technology
(in tons for waste disposed of in 20-year period 2016-2036)

Waste Export
Conversion Technology Options () Disposal Option &
Active Gas
Active Gas  Collection
Collection with
Refuse-Derived  Advanced Thermal with Energy
Mass Burn Fuel - Recycling Flaring  Generation
HCI 2,835 680 50 5 18
CDD/CDF @ 0.0009 0.0003 - -
PCDD/PCDF TEF @ 5.24E-06 - - -
Mercury, total 29.6 3.8 0.012 0.012
Note: This analysis shows but a few representative toxics out of the 187 toxics g
(1)  Based on 20 years of waste processing (from 2016 to 2036)
(2) Based on gas generated over 184 years as a result of 20 years of wast
(3) CDD/CDF = fotal tetra- through octa- chlorinated dibenzo-p-dioxin/chlorinated ans, 2,3,7,8-tetrachlorodibenzo-p-dioxin, and

dibenzofurans. All are listed as HAPs in 1990 Clean Ail )
(4)  Polychlorinated dibenzo-p-dioxin (PCDD) and polychlori xic Equivalency Factor (TEF)

' Conversion Technologies appear to
ter HAP emissions than the landfill gas
in this section, we believe that with the
, 1 technology, the estimates for mass burn and
b ilar to those of advanced thermal recycling. Note that
version” Technologies are shown to have very little VOC
e landfill gas technologies. Because most toxics are organic,
is a potential indicator of high toxics. This is known to be
hough this is not evident in the limited number of toxics shown

The information in
have the potential
technologies.

the case for land:
in Table 10-8.

Greenhouse Gas Pollutants

Gases that trap heat in the atmosphere are called greenhouse gases. Some greenhouse
gases, such as carbon dioxide, occur naturally and are emitted to the atmosphere
through natural processes and human activities. Other greenhouse gases, such as
fluorinated gases, are created and emitted solely through human activities. The
principal greenhouse gases that enter the atmosphere because of human activities are:

B COy: primarily emitted from fossil fuel combustion, solid waste, trees, and wood
products.
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m  CHy: emitted during the production and transport of coal, natural gas, and oil.
Methane emissions also result from livestock and other agricultural practices and
from the decay of organic waste in municipal solid waste landfills.

®  N;O: emitted during agricultural and industrial activities, as well as during
combustion of fossil fuels and solid waste.

®  Fluorinated Gases: hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride
are synthetic, powerful greenhouse gases that are emitted from a variety of
industrial processes.

In the case of municipal solid waste landfills and conversion of municipal solid waste,
the primary greenhouse gases of concern are carbon dioxide, methane, and, to a lesser
extent, nitrous oxide.

Each of these gases has a different capacity to trap heat (i.e.
potential), so comparing them directly is not sufficient. Factors

global warming

comparisons between the greenhouse gases in terms of ¢ lents. Carbon
dioxide has the least capacity, on a mass basis, of all the es to trap heat;
it is assigned a global warming potential of 1. Meth 1 warming
potential of 21 and nitrous oxide has a global CO,
equlvalents are frequently converted to carbon equiva re only the weight of

tons CO; equivalent (= 150 to ton €O, + 90 ton CH4 x 21 ton
CO; equiv/ton CH4 + 8 ton N N20). This same quantity could
be further reduced to carbon eq ' ing by the ratio of the weights of

Criteria and toxic poll
and environmental and prog
trap heat in the atmosphere; ¥

ly have relatively local impacts to human health
age. Greenhouse gases, on the other hand, act to
ce, they have larger-scale environmental impacts.

Table 10-9 summarizes the greenhouse gas pollutant emissions for the evaluated
technologies. As mentioned previously, the three Conversion Technologies have been
combined because the EPA’s WARM model does not distinguish between different
combustion alternatives. These values include both direct process-related emissions
(e.g., combustion exhaust, landfill emissions) and fugitive emissions (i.e., emissions
that are not captured), but do not include transportation emissions from transport of
waste to the disposal location. These values also include the emissions that are
avoided by replacing electricity produced in another fashion. These avoided emissions
are subtracted from the emissions produced by the technologies to calculate the total
net emissions associated with each technology.

! Intergovernmental Panel on Climate Change, Climate Change 1995: The Science of Climate Change
(Cambridge, UK: Cambridge University Press, 1996)
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Estimated Greenhouse Gas Emissions for Disposal Options

Table 10-9

Conversion Technology Disposal Option

Waste Export Disposal Option

Active Gas
. . X . Landfill Active Gas Collection with
Electric Utility Electric Utility  Net Carbon Collection with Energy

WARM Model Avoided C?z Net Avoided C?z Storage Net Flaring Recovery
Categories (MTCEH) @ (MTCE/t) (MTCE) (MTCER) @ (MTCE/t) (MTCEH) (MTCE) (MTCE)

Aluminum Cans -0.0044 0.0044 727.30 0 0 0 - -

Steel Cans -0.0027 -0.4273 (89,656.35) 0 0 0 - -

Copper Wire -0.0036 0.0036 - 0 0 0 - -

Glass -0.0031 0.0031 2,612.74 0 0 0 - -

HDPE 0.2439 0.5161 73,599.13 0 0 0 - -

LDPE 0.2439 0.5161 - 0 0 0 - -

PET 0.1266 0.4334 77,999.64 0 0 0 - -

Corrugated

Cardboard 0.0919 -0.0819 (106,854.94) (177,014.60)  (125,410.42)

Magazines/

Third-Class Mail 0.0686 -0.0586 (5,259.84) (16,681.09) (15,246.81)

Newspaper 0.1038 -0.0938 (71,568.91) (251,951.11)  (241,240.83)

Office Paper 0.0888 -0.0788 - - -

Phonebooks 0.1038 -0.0938 - - -

Textbooks 0.0888 -0.0788 - - -

Dimensional

Lumber 0.1083 -0.0983 (105,771.14) (286,656.26)  (264,696.75)

Medium-Density

Fiberboard 0.1083 -0.0983 - -

Food Scraps 0.0309 -0.0209 195,097.50 339,794.29

Yard Trimmings 0.0365 -0.0265 . (8,163.87) (7,374.09)

Grass 0.0365 0.0800 -0.0616 (43,699.81) (37,582.53)
" Leaves 0.0365 0.1900 -0.1556 (110,323.03) (98,863.32)

Branches 0.0365 0.0204 0.3100 -0.2665 (14,813.63) (13,678.83)

Mixed Paper

(general) 0.0374 0.2200 -0.1403 (619,505.31)  (454,138.32)

Mixed Paper

(primarily

residential) 0.0354 0.2300 -0.1545 - -

Mixed Paper

(primarily from

offices) - 0.0369 0.1800 -0.1015 - -

Mixed Metals 5,652.08 0 0 0 - -

Mixed Plastics 1,409,316.91 0 0 0 - -

Mixed

Recyclables 0.0653 -0.0653 - 0 0 0 - -

Mixed Organics 0.0653 0.0447 154,994.76 0.0334 0.0200 0.0510 176,850.96 292,423.70

Mixed MSW 0.0653 0.0347 56,006.65 0.0334 0.1700 -0.0990 (159,558.13) (105,773.49)

Carpet 0.1749 0.2951 223,710.78 0 0 0 - -

Personal

Computers 0.0200 -0.0400 (14,605.03) 0 0 0 - -

Clay Bricks 0.0000 0.0000 - 0 0 0 - -

Concrete 0.0000 0.0000 - 0 0 0 - -

Fly Ash 0.0000 0.0000 - 0 0 0 - -

Tires 0.1536 1.8664 333,174.15 0 [ 0 - -

Totals 1,421,828.96 (1,316,418.38) (731,787.39)

Note: Includes emissions from processing (operations-related and fugitive) but does not include transportation emissions. Also, emission inventories for both disposal
options are based on 20 years of waste disposal (2016 to 2036).

(1) Avoided emissions based on natural gas combustion in a combined-cycle plant with 40% efficiency. Lower values would be shown in both these columns if actual

Washington State electrical generation had been used.

(2) Landfill emissions in this table are based on 80% capture of generated landfill gas.
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These greenhouse gas emissions totals illustrate the estimate of Total Net Emissions
associated with the different technologies. The Waste Export Disposal Option places
the waste in the ground where a certain amount will degrade into methane. Most of
the methane is captured and burned to create CO,. The rest of the waste carbon is
sequestered in the ground (carbon storage). In the case of the Conversion
Technologies, all of the carbon from the waste is converted into CO,. As such, the
Conversion Technologies generate significantly more CO,, and hence more carbon
equivalents, than landfilling.

Greenhouse gases from transportation for each option have been treated separately
because the WARM model does not allow the flexibility to treat multiple modes of
transport. All of the options investigated here would include some combination of
truck and rail movement to transport waste. However, transportation emissions add
only approximately 28,000 MTCE for the Conversion Technol isposal Option,
and approximately 56,000 MTCE for the Waste Export Disp dption. Thus, the

Because of the importance of greenhouse gas emi sensitivity
analysis was conducted to estimate the effects on th 10116 different
assumptions had been made. One of the critical ‘ as capture

percentage for active gas collection at a landfjil m Table 10-9 reflect the
assumption that 80 percent of the landfill ga

of combustion. If the percentage assumed h )0 percent, the greenhouse
gas emissions for the Waste Exp reduced significantly to
around (2,304,400) MTCE for covery and (1,646,700) MTCE
for a landfill without energy ¥ nepative numbers are shown here in
parenthesis). Converse reentage were to be reduced to 70
percent, greenhous 1581 Vaste Export Disposal Option would be

increased to (328,§
for a landfill withow
significant, it would
Option.

gy reeol While the effect of this assumption is very
ange the relative emissions of the Waste Export Disposal

Air Quality Impacts

Air quality emissions can cause a variety of different types of impacts. For the
purpose of this report, the discussion of air quality impacts has been divided into of
four categories: human health impacts, human welfare impacts, ecological damage,
and global warming. Although there are areas of overlap, a separate discussion is
presented below for each of these classes of air quality impacts.

Any specific proposal for a new facility, such as any of the Conversion Facilities
considered here, would be subject to requirements to obtain one or more air quality"
permits. Air quality rules and regulations are in a constant state of change and it is
likely that in 5 to 10 years, there will be new and/or different requirements for the
Conversion Facilities. As part of these permit processes, a much more comprehensive
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and specific analysis of air quality impacts will be conducted. The science of impact
analysis also changes over time, so there may be different ways of evaluating these
impacts in the future.

For all of these reasons, the current impact analysis is unavoidably general in nature.
The disposal options being considered in this report are several years in the future, and
no specific designs are available. The discussion presented in the following
paragraphs is mainly qualitative and is based on the general characteristics of the
disposal options being considered. We have emphasized arecas where there are
significant differences between the disposal options being considered.

Human Health Impacts

As discussed previously in this section, many of the air pollutants have the potential, if
present in high enough concentrations, to impact h y health. For the criteria
pollutants, in particular, the EPA and others have icted major human health
investigations that allowed the establishment o S. These standards are
ity or unacceptability of
xisting NAAQS. Note
b, as local standards
he current analysis
he Waste Export Disposal Option,
.located in other states; although the
Washington State regulations wou in t states, all states have similar
standards.

All of the Conversi :

that we have included Washington St§
administered by the Puget Sound Clean
would apply only to the Conversi

ndfill technologies being considered in
listed in Table 10-10 with the exception of

x, which are emitted by all the technologies.
ts have the same potential air quality impacts. CO, for
1 an pollutant caused by motor vehicles and residential
heating systerx% tural gas) combustion. Since none of the technologies emit
CO in significan ities, we would not expect there to be any CO issues arising
from any of the technologies. Therefore, no further discussion is provided for this
pollutant. Ozone is also a pollutant of primary concern in relation to the large-scale
emissions from urban areas. Although ozone impacts have not been addressed directly
in this report, the ozone precursor, VOCs, have been discussed here, mainly due to the
VOC relationship with air toxic emissions.
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Table 10-10
Ambient Air Quality Standards for Criteria Pollutants
National (EPA) State Local
Pollutant Department of
oftutan Primary Secondary Ecology PSCAA

Total Suspended Particulate Matter (TSP)

Annual Geometric Mean (lig/m3) 60

24-Hour Average {pg/m?3) ’ 150
Inhalable Coarse Particulate Matter (PM1o)

Annual Average (ug/m?) (b) 50 54 @

24-Hour Average (pg/m?3) 150 150 154 @)
Fine Particulate Matter (PM2s)

Annual Average (ug/m?) 156 156

24-Hour Average (pg/m?) 356 350
Sulfur Dioxide (SO2)

Annual Average (ppm) 0.03 0.02

24-Hour Average (ppm) 0.14M 0.10

3-Hour Average (ppm) - -

1-Hour Average (ppm) - 0256

1-Hour Average (ppm) 0.40
Carbon Monoxide (CO)

8-Hour Average (ppm) 9.4

1-Hour Average (ppm) 35
Ozone (03)

8-Hour Average (ppm) © 0.08

1-Hour Average (ppm) 0.12 (0
Nitrogen Dioxide (NO2)

Annual Average (ppm 0.05 0.053
Lead

Quarterly Average (ug/im?® > ! . . 15

: blank cells indicate no standard
averages arithmetic except TSP annual geometric mean.

Hg/m2 = micrograms per cubic meter; ppm =B
Note: All values not to be exceeded except as riaf

(1}  Not to be exceeded more than once per year

(2) Particles <10 micrometers in size; Federal annual PM10 standard revoked as of Sept. 21, 2006

(3}  The 3-year annual average of the daily concentrations must not exceed level

(4)  The 3-year average of the 99th percentile (based on the number of samples taken) of the daily concentrations must not exceed level

(5) Attainment based on the 3-year average of the weighted annual mean PM2.5 concentrations from single or multiple community-oriented
monitors not exceeding level

(6) Attainment based on the 3-year average of the 98th percentile of 24-hour concentrations at each population-oriented monitor within an area
not exceeding level

(7)  The federal 24-hour standard for PMzs was revised as of Sept. 21, 2006. The current PSCAA standard of 85 ppm is based on the previous
federal standard but has been superseded by the new federal limits. Although PSCAA has not yet adopted the new federal standard, it must
do so soon. So as to avoid confusion, only the prevailing federat standard is reported to represent the maximum level that PSCAA can adopt.

(8)  Notto be exceeded more than twice in seven consecutive days

(9) Attainment based on 3-year average of the 4th highest daily maximum 8-hour ozone concentration at each monitoring location

(10} Federal 1-hour ozone standard was revoked in all areas except 14 remaining nonattainment areas. The federal and the PSCAA 1-hour
standard lapsed on June 15, 2005.

Source: Geomatrix Consultants, Inc. based on most recent local, state, and federal rules.
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The criteria pollutants typically of concemn for the disposal options are SO, NOx,
lead, and various forms of particulate matter. These pollutants can have significant
but localized impacts on human health. However, by virtue of the air permit
requirement, it is unlikely that any of the disposal options considered here would have
any significant impact on human health from criteria pollutants. There are differences
between the technologies that are worth discussing even if all of the technologies have
low overall impacts. In terms of NOx emissions in particular, the Conversion
Technology option is calculated to have greater emissions than the Waste Export
options. However, NOx emissions from advanced thermal recycling are only slightly
greater than from energy generation from landfill gas. The mass burm and RDF
technologies have much higher NOx emissions, owing mostly to the lower control
efficiency assumed for the NOx removal systems on these units. The difference
between the mass burn/RDF technologies and advanced thermal recycling reflects
how currently operating facilities have been constructed, not any theoretical limit of
the technology. We believe that mass burn and RD ilities could achieve levels
similar to those of advanced thermal recycling if ilities were equipped with
similar air pollution control equipment.

Estimated NOyx emissions for the landfill gas e i lower simply because
there is less combustlon involved. The di 1) ions between the two
ne generators versus
_ , higher NOx emissions can result
in higher ambient NO2 concentra ashington State has relatively low

NO; concentrations, this would

health impacts from di Ox can also result in greater ozone
concentrations, morg j the atmosphere, and increased acid rain. NO,
can irritate the lungs ' istance to respiratory infections such as influenza.

unclear, but continued or frequent exposure
uch higher than those normally found in the
incidence of acute respiratory illness in children.

t reslt of the sulfur found in the fuel. As with the NOx

because there is* S ombustion and a greater portion of the sulfur contained in the
waste is transformed into sulfur dioxide. The differences between the three
Conversion Technologies reflect the air pollution control systems assumed to be
installed on the units. As with the NOx, these do not reflect an inherent limitation of
the technology, but rather a typical difference in systems as previously constructed.
Advanced thermal recycling is seen to have very low SO, emissions due to the high
level of acid gas scrubbing used in the design of these systems. Impacts from SO,
include direct inhalation impacts from both short-term and long-term exposures. The
major health concerns associated with exposure to high concentrations of SO, include
effects on breathing, respiratory illness, alterations in pulmonary defenses, and
aggravation of existing cardiovascular disease. Major subgroups of the population that
are most sensitive to SO, include asthmatics and individuals with cardiovascular
disease or chronic lung disease (such as bronchitis or emphysema) as well as children
and the elderly.
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Lead emissions occur only with the Conversion Technologies. However, because the
vast majority of the lead is captured in particulate control systems that are an essential
part of all solid waste conversion systems, lead emissions are calculated to be very
small. Despite the presence of some lead in the three Conversion Technologies, lead
emissions are sufficiently low that none of the Conversion Technologies has the
potential for significant lead impacts to human health.

Regulations exist that address particulate matter as a whole, irrespective of the
chemical constituency of the particles. Older regulations addressed a poorly defined
pollutant known as TSP. Those regulations have mostly been replaced by regulations
for particles with specific size specification, such as PM; s for particles smaller than
2.5 micrometers in mass-mean diameter. In the current discussion, we address
particulate matter in general, but also provide qualitative discussion of the different
particle sizes emitted by the solid waste options.

ith solid fuels.
ems installed to
reflect typical
2chnologies by

Particulate matter is formed in all combustion processes, especia
For the Conversion Technologies, there are extensive cont
reduce particulate emissions. The particulate emissions g
systems, but it is possible to reduce the emissions for all
increasing the capture efficiency of the control devigh
shows very low particulate emissions due to the two
The landfill gas technologies have significa
noted that much of the particulate at the la
systems, but rather as fugitive dust from
waste. Typically the particle sizes

“«Major concerns for human
cts on breathing and respiratory
systems, damage to lung tissu re death. The elderly, children,

and people with chr

are frequently called “aif “HAPs.” We have not attempted to quantify all
these contaminants here, r focused on a few that are of particular interest in
the solid waste industry. The general pollutant called VOCs includes a large number
of these air toxics. Many, though not all, of the air toxic issues can be evaluated using
VOC emission rates. In fact, as discussed previously, the issue of VOCs is one of the
significant differences between the Conversion Technologies and the Waste Export
Disposal Option. VOCs are essentially unburned gases and since the Conversion
Technologies burn virtually all of the hydrocarbons in the solid waste, they have little
to no VOC emissions. Landfills, on the other hand, create landfill gas and a certain
percentage of this gas escapes as a fugitive emission. These fugitive emissions can
contain a variety of chemical species, such as benzene or vinyl chloride, that are
known carcinogens. Both landfill gas alternatives have significant emissions of VOCs
compared with the Conversion Technologies. The private regional landfills
considered in this report have significant buffer areas between the waste disposal areas
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and any off-site property, so concentrations of these gases in the ambient air are
greatly diluted before reaching off-site areas.

The combustion of solid waste does, however, produce some air toxics that landfills
‘do not produce in significant quantities. The burning of plastic material that contains
chlorine, such as polyvinylchloride (PVC), produces higher HCI emissions than occur
in a landfill. The advanced thermal recycling Conversion Technology has a specific
scrubber designed to control these particular emissions. The other two Conversion
Technologies have significant emissions of HCl compared with landfills, although
both technologies could add similar scrubbers. HCI is an acid-forming gas that can
impact human respiratory systems.

The family of compounds known as dioxins and furans are also produced in solid
waste combustion. These highly carcinogenic compounds are always an important
issue for any system that combusts solid waste. Modem solid waste combustion
systems have been designed to minimize dioxin and fysangemissions by maintaining
high enough temperatures to destroy them in the co on process. Especially with
the advanced thermal recycling option, the reportet ns of these compounds are
sufficiently low to not cause human health cox ‘

Landfill flares emit small amounts of e‘g %, b i are found in direct
missions from the Conversion
Technologies can be reduced with injection systems as part of the air

pollution control equipment

operate under the t rmit, which will limit the potential for these
facilities to 1mpac

pacts that are left after the imposition of
oth landfill gas technologies emit significant
t emitted by any of the Conversion Technologies.
hnologies, as typically implemented in the United
d higher emissions of combustion products such as NOx and

, ermal recycling Conversion Technology, due to its advanced air
pollutlon control sy' em is reported to emit low levels of these criteria pollutants. We
believe the same type of equipment could be added to mass burn or RDF facilities to
obtain similar results.

Human Welfare Issues

In addition to human health, air pollutants pose a number of potential human welfare
issues. These include nuisance impacts, typically dust and odor, as well as visibility
degradation. Air quality permits are designed to protect human welfare in addition to
human health, and since all five of the technologies considered in this section would
be subject to air quality permit requirements, the human welfare impacts of these
options would be limited. Presented below is a general discussion that allows the
disposal options to be compared in terms of the potential to impact human welfare,
without actually quantifying the level of impact.
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The term “dust” refers to particulate matter released from the movement or handling
of personnel and materials using heavy equipment. The smaller dust particles pose
some human health impacts and have been discussed above, but larger particles are
incapable of penetrating the human lung and generally pose few human health issues.
Dust consists of particles of all sizes, but since the human health impacts of the small
particles contained in dust were addressed above, the current discussion concerns the
larger particles. The impacts of dust are usually close to the source of emission
because the larger particles do not travel well in the atmosphere. The usual impact
from dust emission is soiling, where a layer of particle matter can settle on
surrounding property.

The handling of solid waste always poses some dust issues, but at Conversion
Facilities, it is easier to control dust by enclosure or capture. Landfills operate in the
open air, exposed to wind, and dust can be a significant issue. Sources of dust
emission at an operating landfill include the dumping of wast he subsequent
movement and placement of the waste in the active face, the ¢ ng of the waste,
the handling of cover materials as well as cell construction and the travel of
trucks and other heavy equipment on unpaved surfaces. surrounding
neighbors can be significant if the neighbors are in clg e case of the

Odor is always an issue with any facility th e. Similar to dust, the
odor is easier to control at Conversion Facilitj where solid waste is
exposed can be enclosed and the ai otited to combustion or
: s not normally kept on-
al gical gas production to occur.
Landﬁlls on the other hand id\waste in the open air and more

other odorous gas n extremely strong and offensive odor. The
two landfill gas in this report employ active gas control
systems that are inte majority of the landfill gas and route it to

owever, a certain percentage of the gas escapes to
ptential for odor impacts. In the case of the private
ere, there are no close neighbors and odor is not

the atmosphere and pose
regional landfills consider
currently a significant matter.

Visibility degradation is an increasingly important issue for combustion facilities.
National parks and wilderness areas, as well as some other special lands, have been
designated as Class I areas under the Clean Air Act and afforded special protection
from visibility degradation. Evaluation of visibility degradation is required, even for
facilities located hundreds of miles from a Class I area. Special long-range transport
air quality models are used to evaluate these impacts. Of particular concern are
emissions of sulfur and nitrogen oxides, since these pollutants can form sulfate and
nitrate particles in the atmosphere. These small aerosols, as they are called, are major
contributors to visibility degradation. The landfill gas technologies have fewer issues
with visibility degradation for several reasons. The trend for the siting of new large
landfills in both Washington and Oregon has been east of and far from the Class I
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areas in the Cascade Mountains, thus landfills that might be considered by King
County for future disposal are less likely to impact these Class I areas. Also, the
relatively lower emissions of SO, and NOx associated with the landfill . gas
technologies, when compared with the Conversion Technologies (except advanced
thermal recycling), lead to lower potential visibility impacts. For the Conversion
Technologies, visibility degradation, unless addressed in the design of the air pollution
control equipment, could become a major issue since National Parks Service and
USDA Forest Service criteria for visibility degradation are very stringent and any
significant source of SO, and NOx in Western Washington would be rigorously
evaluated. '

In summary, as with human health issues, the human welfare issues are also limited by
the air permit process and all of the technologies in this review here should be capable
of being operated in such a way that there will be little to no impact to human welfare.
The residual impacts after all of the permit controls are ipgplemented will likely show
that landfills have greater potential dust and odo ¢ts, while the Conversion
Technologies may have greater potential to i visibility unless properly
addressed. ‘

Ecological Damage

Emissions of air pollutants frg
environment in several ways.

acilities can impact the natural
ant of these is the potential for

impacts, the air quality permits will impose
tant emissions from all the technologies

sensitive plant hab
requirements on t
reviewed in

have gre ial for acidification impacts than the landfill gas technologies,
unless the RDF technologies address this matter by adding scrubbing
capability.

Specific toxicity 18”another form of ecological damage, where a particular pollutant
may cause impacts to a plant or animal species. The level of detail of this study
precludes the evaluation of specific toxicity issues for any of the disposal options.
Typically, specific ecological toxicity is not a significant issue for solid waste
facilities.

Eutrophication refers to a shift in the nutrient balance for plants and microorganisms
in the ecosystem. There is no evidence to suggest that any of the technologies
reviewed here have the potential for this type of impact through airborne release and
deposition.

In summary, none of the solid waste disposal technologies poses a specific threat for
ecological damage. The potential exists for some of the Conversion Technologies,
unless designed to reduce acid-forming pollutant emissions, to cause some
acidification 1if sensitive environments are located close to the facility. But it is
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unlikely these impacts would be significant enough to make a distinction between the
disposal options.

Global Warming

The subject of global warming refers to the potential for climate modification caused
by emissions of carbon and nitrogen species from man-made sources. After some
years of scientific uncertainty and controversy, it is becoming increasing clear that
man-made emissions of these chemical species have resulted in increased airborne
concentrations worldwide and are almost certainly modifying the earth’s climate. The
major contributors are CO,, CHa, and to a lesser extent, N,O. Collectively, these
chemical species are referred to as “greenhouse gases.” These chemical species have
previously not been addressed in air pollution regulations and in fact, until recently,
have not been considered pollutants in the atmosphere. However, recent concern
about the climate modification effects of greenhouse gases
warming potential be evaluated for the solid waste disposal optig nsidered here.

It is important to understand that the subject of global he effects of
greenhouse gas emissions have only recently emerg issue. For
example, as recently as April 2, 2007, the EPA w. Supreme

] no such authorlty As
part of the preparation of this report, we con’ pund Clean Air Agency

and asked for guidance The response from 1

guidance at some time in the fj
topic, there is little formal guid
of projects such as the sglid wa:

ate the global warming potential
ing considered by the County.

There are, howevg i that can be drawn. The topic is
complicated by t nt greenhouse gases have different global
warming potentials. ) g complexity is that the greenhouse gases have
different residence times ih th ‘;;mosphere For example, the two most important
greenhouse gases, CO, ang illustrate this point. On an instantaneous basis the
global warming potential for*€H, is more than 50 times greater than CO,, but because
CO; has a much longer residence time in the atmosphere (100 years or more)
compared with CHy (typically 13 years) the actual relative impacts on global warming
of these two greenhouse gases differ, depending on how far out in the future one
calculates the impacts. Although nothing has been standardized in this rapidly
evolving science, it has become somewhat standard practice, for example in the Kyoto
Protocol, to use 100 years as the time period and a factor of 21 to relate the global
warming potential of these two greenhouse gases. Accordingly, in the current analysis
we have computed an artificial pollutant, called CO, equivalents, which adds CO,
emissions to 21 times methane emissions. Similarly, for a 100-year horizon, N,O
emissions are 310 times more potent as a greenhouse gas than CO,, so CO,
equivalents are also computed by adding 310 times the N,O emissions. These are then
further reduced to “carbon equivalents” by multiplying the CO, equivalents by the
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ratio of molecular weights, 12/44. Carbon equivalents are customarily reported as
metric tons carbon equivalent, or MTCE.

When the greenhouse gas emissions of the five technologies are considered, we
estimate that the three Conversion Technologies have larger greenhouse gas emissions
than the two landfill gas technologies. In making these estimates, we have made
several assumptions, including:

1. 20 percent of the landfill gas escapes combustion and is emitted to the
*atmosphere as a mixture of approximately 55 percent methane and 45 percent
CO..

2. Landfill gas emissions occur over time while Conversion Technology
emissions occur as the waste is combusted, so in making these comparisons,
the landfill gas emissions resulting from 20 years of disposal were computed
for many years in the future after disposal is assumed to have ceased.

" greenhouse gas emission
ue of avoided emissions.

One important assumption we made in the calculati
rates for these solid waste disposal options con
By combusting solid waste and generating e
other means of electrical generation and
those generation methods. The current
Values shown in Table 10-9 are based on a
would be from natural gas combuy in a m
recovering 40 percent of the ener
was also performed usi

tion that the avoided electricity
ombined-cycle plant, capable of

is not as much as might be given if all the
ult from the national average electrical

credit is given for tl
avoided emissions
generation metho

idered here. This single factor contributes to the
2 researchers have published that indicate Conversion
Facilities are ] ] %tter than landfills in terms of greenhouse gas emissions. If

spreadsheet, the version Technologies have lower greenhouse gas emissions than
flaring, but energy recovery from landfill gas is still lower in greenhouse gas
emissions than the Conversion Technologies. If, however, the gas collection
percentage is lowered to 70 percent for the landfill gas technologies and the further
assumption is made that national average energy displacement factors (including coal
burning) are appropriate, then the Conversion Technologies have lower greenhouse
gas emissions than either of the two landfill gas technologies.

However, we believe that the current analysis should reflect realistic energy
generation methods in Washington State and we think it is unrealistic to assume that
large quantities of coal combustion would be offset by the combustion of solid waste
or landfill gas. Accordingly, the current analysis has focused on avoided emissions
using the two methods described above.
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In addition, the future may hold opportunities for new technologies such as carbon
sequestration and other means to avoid greenhouse gas emissions. The current analysis
gave no consideration to the possible implementation of any of these new
technologies.

In summary, both disposal options have emissions of greenhouse gas, but it should be
recognized that solid waste is a product of society and, if left unaddressed, it will
decompose and generate massive quantities of CHy with large global warming
implications. Thus, all solid waste disposal technologies considered here reduce
global warming impacts when compared with having no plan to deal with the disposal
of solid waste. The landfill gas technologies have somewhat lower greenhouse gas
emissions than the Conversion Technologies.

Summary

The major conclusions of this air quality analysis are:

1. Criteria pollutant emissions from all disposal tec
to be well controlled and not produce any signi
impacts. Conversion Technologies would ged «
emissions than landfill gas technologies, With, ’ ion%that VOC
emissions from landfills are much hi -

2. Toxic pollutant emissions from all d ) would be expected to
be well controlled and not p hedlth impacts. Landfill

yith even the best operated landfills.
d to have higher emissions from a

3. Greenhouse gas ¢ are an unavoidable consequence of the disposal of
solid waste generated by human civilization. All of the disposal technologies
reviewed here can be expected to result in reduction of greenhouse gas
emissions over any alternative that does not convert or properly dispose of
solid waste. Conversion Technologies were seen to have somewhat higher
greenhouse gas emissions than the landfill gas technologies, but the actual
relative difference is a strong function of the assumptions used in the analysis.

10-28 R. W. Beck 001640 | 11-01056-10004 | 6/8/2007



Section 11
ESTIMATED CAPITAL COSTS AND
OPERATING EXPENSES

This section of the report presents the results of R. W. Beck’s review of the estimated
range of capital costs and annual operating expenses for the three Conversion
Facilities and the Waste Export Option. These estimates are also used in Section 15 as
a part of a comparative cost analysis.

All of the options will require continued use of the County’s existing solid waste
transfer stations. As discussed in the County’s Waste Export Plan, if the County
chooses the Waste Export Disposal Option, it will likeldalso need to plan for the
construction of a new intermodal facility. If the Co siects to utilize a Conversion
Technology, it will still need to transport bypassed d residue ash via rail-haul.
Therefore, an intermodal facility may still gh the County would
want to carefully consider whether it woul e County or a private

It is important to nof
technology

aste-to-energy facility utilizing mass burn
nited States between 1993 and 1995 in
. last new waste-to-energy facility utilizing RDF
ween 1987 and 1990 in the City and County of
he last 20 years, many waste-to-energy full service
tractors have exited the business. These companies include

tgy’s recent achIlSlthl’l of Amerlcan Ref- Fuel only four major
companies in the United States have experience in the construction and operation of
waste-to-energy facilities: Covanta Energy, Energy Answers, Montenay Power, and
Wheelabrator Technologies. In the early 2000s, a number of older waste-to-energy
facilities began to implement retrofits to continue operating beyond 20 years. For
example, Lee and Hillsborough Counties, Florida are adding 600-TPD units to expand
their waste-to-energy facilities. In 2006, a complete retrofit was undertaken to an 800-
TPD waste-to-energy facility in the City of Harrisburg, Pennsylvania. In Maryland,
the Northeast Maryland Waste Disposal Authority is procuring a new waste-to-energy
facility to serve Carroll and Fredrick Counties, and an expansion or upgrade to a 360-
TPD waste-to-energy facility in Harford County.

RWECK
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Section 11

Due to the lack of development activity in the last 10 to 15 years, the major companies
in the waste-to-energy industry reduced their engineering staffs, thus depleting
institutional knowledge. For this reason, capital construction cost information in the
United States is over 15 years old.

A Conversion Facility utilizing advanced thermal recycling technology has not been
constructed in the United States. Worldwide, the last new facility to commence
commercial operation was the MVR facility in Hamburg, Germany, which started
operating in 1999.

The development of detailed construction cost estimates for three Conversion
Facilities and the Waste Export Option was well beyond the scope of services to be
provided as part of the preparation of this report. Such estimates would require three
to six months to develop and would cost well in excess of $100,000 to prepare.

Therefore, for the purpose of preparing this report, we contacted, vendors in the

Conversion Technology industry to obtain updated estimat: pital costs for
Conversion Facilities. We also obtained and analyze nd performance
information related to numerous existing waste-to-energ in the United

States from their in-house information and from indust ' 1t is impe ant to note
that the cost data that we reviewed for this assignui i
serve as a warning that the cost of constructing and o
quite project-specific. Based on all of this gineering judgment, we
prepared the planning-level estimates conta i This data is intended
only to be used for companson puxposes wi ives. If the County

- version Facility, a more
detailed analysis of the construgt " [ to be completed. The following
sections provide background in: i assumptions.

facility, excluding elect
2007 dollars. Actual fu
herein. The planning-lev
following components:

s are likely to vary from the estimates presented
timate for each Conversion Facility included the

®m  No direct costs to purchase land for the facility site;
B Waste Receiving and Storage — three days enclosed waste storage;

m  Waste Processing (RDF only) — two-stage shredding for size reduction, screening
to remove glass and inert fines, two-stage magnetic separation to remove ferrous
metal, and an eddy current separator to remove aluminum;

B  Building — enclosures for the tipping and waste storage areas, a furnace-boiler
room, a residue handling and ash storage building, a turbine-generator hall, an

" Eileen Berenyi, The Municipal Waste Combustion Industry in the United States: 1997-98 Resource
Recovery Yearbook and Directory, 7th ed. (Westport, CT: Governmental Advisory Associates, Inc.,
1997).
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ESTIMATED CAPITAL COSTS AND OPERATING EXPENSES

administration area, and a maintenance shop (note that air emissions control
equipment, cooling towers, and electrical switchyard are typically located
outdoors or partially enclosed by a screen wall);

W Waterwall Furnace-Boilers - grate systems, superheater sections, steam
generating convection banks, feedwater economizers, combustion air systems,
steam coil air heaters for underfire air, auxiliary fuel burners, and selective non-
catalytic reduction (SNCR) systems for nitrogen oxides (NOx) removal;

B Air Emissions Control Equipment (mass burn and RDF) — spray dryers with lime
handling system for acid gas removal, fabric filter baghouses for particulate
removal, carbon injection system for mercury removal, continuous emissions
monitoring system, and stack;

®  Air Emissions Control Equipment (advanced thermal recycling) — two-stage
fabric filter baghouses for particulate removal, hydreghloric acid (HCI) removal
scrubber with HCI recovery/polishing system, ,suliir dioxide (SOz) removal
scrubber with gypsum recovery/polishing sys d lime handling system,

[ S emissions monitoring

system, and stack;

m  Balance of Plant — scale facility, igpk ter, ferrous metals

condenser, and water treatme

m  Full Service Contractor’s s
permitting, start-up, péifon ¢ Jdre, parts, and contingency.

Table 11-1
2007 Estimated Capital Costs

Daily
Rated 2007 Capital Unit Cost 2007 Capital Cost
Capacity Range Range
Conversion Technology - (TPD) ($/TPD) ($ millions)’
Mass Burn 3,200 ~145,000 — ~160,000 $460 - $520
RDF 3,200 ~175,000 — ~190,000 $560 - $610
Advanced Thermal Recycling 3,200 ~160,000 — ~175,000 $520 - $560
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Section 11

To develop an estimate of the cost to construct a Conversion Facility commencing
construction in 2013 that would be ready for commercial operation in 2016, the
estimated costs in Table 11-1 would have to be increased from 2007 to 2013 by the
appropriate index. It should be noted that in recent years, the increase in the cost of
steel has significantly exceeded the rate of inflation.

Intermodal Facility

The Waste Export Option would require a truck-to-rail intermodal facility at which
waste containers from the County’s transfer station system would be loaded onto a
train for transshipment to a remote landfill and empty containers would be off-loaded
from the train. Since the Waste Export Option will depend on the availability of
efficient and cost effective operation of an intermodal facility, the County will need to
consider the cost and operational advantages of adding an intermodal facility before
the Waste Export Option begins. The Waste Export Option has beén discussed in the

County’s Waste Export Plan, as well as other Solid Waste on publications
during the last five years. For this section of the report we I ed a planning
estimate of the capital cost of an intermodal facil ain specific
assumptions.

An intermodal facility located in King County is ass
sealed waste containers from trucks to rail cas nal landfills available to
King County are most easily and cost effec
for the Solid Waste Division,” R. W Beck
of a truck-to-rall 1ntenn0da1 fac it ed at the King County

we estimated that in 2005 a intefgnpdal facility would cost the Solid
Waste Division approxi -

St ifating these numbers to 2007 dollars at
2.4% per year resdlis i .¢pital cost of approximately $16,500,000. As
with the Conversion* ted previously, this estimate does not include
ility would be built.

Estimated Annual*Operating Expenses

Conversion Technologies

Similar to the methodology used to develop estimated capital costs, for the purpose of
developing estimates of operating and maintenance expenses, we contacted full-
service contractors in the Conversion Technology industry to obtain information on
estimated operating expenses. The operating expenses include provision for operating
labor, routine maintenance labor, parts and supplies, outside service and maintenance
contracts, major maintenance fund for renewals and replacements, general and
administration, contractor’s profit, electricity, fuel, and “normal” pass-throughs such

ZR. W. Beck, “Work Order No. 2 - King County Roads Division Covington Pit Site F easibility
Evaluation (Draft),” October 28, 2005, technical memorandum.
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ESTIMATED CAPITAL COSTS AND OPERATING EXPENSES

as chemicals, insurance, and utilities. The estimate does not include property taxes or
host fees, which are site-specific. Table 11-2 presents estimated operating expenses
for the three Conversion Technology alternatives as unit rates ($/ton) expressed in
2007 dollars. These estimates are for planning purposes and are meant primarily to
show the relationship between the three Conversion Technology alternatives. Actual
future costs are likely to vary from our estimates.

Table 11-2
2007 Estimated Operating Expense Unit Rates
2007 Operating Expense
Unit Rate Range
Conversion Technology ($/ton processed)

Mass Burn
RDF

Advanced Thermal Recycling
Note: Operating expense unit rates exclude residue ash trangj

own on Table 11-3.

Major maintenance funds are for irs a seplacement of major equipment,
systems, and structures that have pgeful li r than one year. Most Conversion
Technology facilities in the Unite ivately owned or operated by the
private sector in accordance wi g agreements. As such, the

erating expenses, which could vary widely
¢nied and operated facilities with which we are
osts of such repair and replacement in a major
e estimate the funding levels required for these

operating expe le 11-2 include $2.00 per ton for major maintenance funds.
In addition to repaig and replacement costs, owners of facilities are prudent to establish
funds for unknown future capital costs related to changes in regulations and other
uncontrollable circumstances. The level of funding of this capital reserve fund varies
from owner to owner and is not included in the annual operating expense estimates.

Cost of Residue Ash Disposal Out-of-County

In order to estimate the cost of residue ash disposal, R. W.Beck contacted
representatives of the owners of the two operating Conversion Facilities which are
closest to King County. These are located in Spokane, Washington and Marion
County, Oregon. We discussed the methods these facilities use to dispose of their
residue ash and obtained information regarding current costs. Since each facility uses
its own method for residue disposal, each is discussed separately.
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When Marion County began operating its mass burn facility, it also used a county-
owned piece of property to develop a residue ash monofill. Currently, all residue ash
produced by the Marion County facility is brought to this monofill via truck, where it
is disposed of. Marion County opted for this method of disposal because the local,
privately owned regional landfill does not have an ash monofill and the owner of that
landfill would have charged Marion County higher tipping fees for the development of
one. Marion County estimates that the cost of residue ash disposal in its monofill is
between $28 and $30 per ton. '

As discussed in Section 9 and Appendix B, the Spokane System? facility uses rail-haul
to transport its residue ash to the Roosevelt Regional Landfill in Klickitat County,
where it is disposed of in a monofill. Recently, the Spokane System submitted a
request to change its residue classification from “Special Incinerator Ash” to “Solid
Waste.” This modification will result in a change in the requirement that its residue
ash be disposed of in the monofill. The residue ash can now be dispgsed of with other

to be usable as alternate daily cover, the prigé
to around $40 per ton.

Since the transport and disposal of.resi yocontracted through a
competitive bidding process, th -
facility will be significantly § ess decisions made in 2016 by
private landfill and rail owners @ 1-3 outlines our current estimate
of the potential cost of18 n the information we received from
other municipalitie

Table 11-3
Residue Ash Disposal Rates
$/ton disposal)
Transport Disposal Total
$18-$25 $22 - $30 $40 - $55

Cost of Waste Export

In order to estimate the cost of exporting waste, we contacted representatives of
Snohomish County, Kitsap County, and Seattle Public Ultilities, which currently
export their waste to large regional landfills. Waste from the City of Seattle and
Kitsap County is hauled via rail to the Columbia Ridge Landfill located in northern
Oregon. Snohomish County also uses the rail system but exports its waste to

* The Spokane Regional Solid Waste System (“Spokane System”) includes Spokane County, the City of
Spokane, 12 other cities and towns, and Fairchild Air Force Base.
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Roosevelt Regional Landfill in eastern Washington. Table 11-4 sets forth the reported
costs for each municipality, separated into “transport” and “disposal” pieces where the
information was available. The information for the Spokane System in Table 11-4
represents the cost of transport and disposal of bypassed waste from the Spokane
Facility to the Roosevelt Regional Landfill.

Table 11-4
Representative Waste Export Rates
($/ton disposal)
Municipality Transport Disposal Total
. Snohomish County(" $27.55 - $28.72 $18.81 $46.36 — $47.53
Seattle Public Utilities" NA NA $49.00
Kitsap County( $14.720 $17.47 $32.19
City of Spokane® NA $45.44

(1) Prices are for 2006
(2) Transport does not include operation of the intermodal facility.
(3) Price for bypassed MSW.

s would likely be competitively
ids prepared by private disposal
Snohomish County and Seattle
narkets for waste, the amount of
panies at the time of bid. Also,
County use privately owned and operated
ed in the transport price listed in Table 11-
rating the intermodal facility to be a part of
ercfore such cost is not included in the transport
ounty chooses to construct and own an intermodal

We anticipate that waste transport and dispos
bid by the Solid Waste Divisio
companies, including but not limit
Public Utilities, can be expected to

gurrent market conditions, of the range of waste export costs
jport component includes the cost of intermodal services. As
ible that market conditions could change by 2016.

Table 11-5
2007 Estimated Waste Export Rates
($/ton disposal)
Transport Disposal Total

$25-$30 $17 - $20 $45 -850
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Section 12
PROJECTED ENERGY REVENUES

Assuming that at some future time the County decides to utilize a Conversion
Technology for waste disposal, and that it selects one of the three current
commercially proven Conversion Technologies discussed at length in this report, that
Conversion Technology would be capable of generating energy in the form of either
steam or electricity. Similarly, under the Waste Export Disposal Option the
decomposition of the County’s solid waste in a landfill would result in the creation of
methane gas, which can be captured and used to generate electricity. The purpose of
this section is: 1) to provide an estimate of the potential amount of energy that could
be generated during the 20-year study period by both the version Facilities and the

potential annual revenues that could be realized th t e of electricity and/or
landfill gas. These annual revenues are use i art of the comparative
cost analysis.

Potential Energy Ge

eveloped a planning estimate of the amount of
by a Conversion Facility.

could generate nately a net of 500 kWh to 550 kWh per ton of waste. Such a
generation rate is net of the Conversion Facility’s in-plant power requirements. This
estimate assumes an annual average heating value of the solid waste of approximately
5,000 Btu per pound. It should be anticipated that the heating value of solid waste will
fluctuate throughout the course of the year depending upon the amount of
precipitation, variations in the composition of the incoming waste, and future changes
in packaging.

For the two Conversion Facilities sized at 3,200 TPD with a 90 percent annual
availability, we calculate that the following annual quantities of electricity could be
generated:

1. 500 kWh/ton: 525,600,000 kWh/year
2. 550 kWh/ton: 578,200,000 kWh/year

RWGECK
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An RDF Conversion Facility is assumed to have an annual plant availability of
87 percent, compared to 90 percent for mass burn and advanced thermal recycling, but
net energy generation values for RDF facilities are generally slightly higher than mass
burn or advanced thermal recycling facilities. Therefore, for the purpose of this
section of the report, we have treated the three Conversion Technologies equivalent
from an energy generation perspective.

Steam Generation

It is possible for a Conversion Facility to generate steam for sale to a steam user.
However, we have focused the discussion on the sale of electricity, rather than the sale
of steam, for the following reasons:

1. Finding a suitably sized facility site adjacent to a steam customer could
significantly complicate the entire siting process for a Conversion Facility, as it
will limit potential sites to only those very near or adj »to large steam
users. "

2. A single Conversion Facility sized at 3,200
generating approximately 600,000 pounds of stg : . his quantity of
steam 1is likely to exceed the steam requifemen jial steam
customers. '

3. Conversion Facilities are intended t
week in order to dispose of the soli
because the steam customer j nable
upset condition in the pro facili

per day, seven days a
ald not stop operations
ome reason due to an

For informational purposes,
could reasonably b
5,250,000,000 pound

nversion Facility of 3,200 TPD
o to generate approximately
. ald potential steam customer would be
willing to pay for g d upon the type of fuel the steam customer is
currently using, w. _ tomer can avoid major capital expenditures
associated with the steamic existing steam plant, and the potential savings in
operating and maintenanée. of no longer having to operate a steam plant.

Waste Export Disposal Option

Landfill Gas Production and Electricity Generation

For the purpose of being able to compare energy generation options, we have assumed
for the Waste Export Disposal Option that all of the County’s solid waste will be
disposed of in its own operating cell at a privately owned landfill. We have made this
assumption in order to develop an estimate of the amount of landfill gas that could be
generated and collected from just the County’s waste. It should be noted that under
actual operation, County waste will likely be mixed with other sources of solid waste.
We have further assumed that the collected landfill gas will be used on-site by a
private party to generate electricity that will be transmitted to the grid. The analysis
assumes that the County does not own the generation equipment itself.

12-2 R. W. Beck 001640 | 11-01056-10004 | 6/8/2007



PROJECTED ENERGY REVENUES

In developing an estimate of the amount of landfill gas that could be collected and
burned to generate electricity for the planning period 2016 through 2036, we have
utilized the estimated quantities of County waste discussed in Section2. It is
important to note that unlike the Conversion Facilities, where the energy revenues will
accrue to the benefit of the County, the revenues from the sale of landfill gas will not
be under the control of the County. This is because under the Waste Export Disposal
Option it is assumed that the County will not own: 1) the land where the waste is
disposed of, 2) the landfill gas collection and cleanup equipment, or 3) the electricity
generation equipment. We are not able to determine whether the County will realize
any financial benefit in the form of decreased tipping fees associated with the sale of
the landfill gas or electricity therefrom. It has been our experience that the tipping
fees charged by private waste disposal companies are more a-function of what the
market will allow rather than the net cost of operation.

It should also be noted that, as discussed in Section 10, 1
generated in measurable quantities for more than 40 ye
in a landfill. Therefore, landfill gas will continue,

11 gas will continue to be
er it has been disposed of
ated well after 2036, the

end of this study period. We have calculated 4h€ venues from landfill gas
sales for only the period 2016 through 2036 & ide a comparison of
revenues generated by landfill gas with t e generated by the
Conversion Facilities during the same tim 0 worth noting that
properly operated Conversion Faci cted to have useful operating lives

of up to 50 years, which is 30 yea ing period.

We have also utilized an exi
which we previously ey . as Program considers the annual
quantity of waste di content, the organics content, a landfill gas
d number of Btus per cubic foot of gas

requited. to generate a kWh of electricity. The Landﬁll Gas
de t that the amount of landfill gas generated from a specific
delivery of so. C aste penerally peaks after the first five years in the landfill and

gas generated by a specific delivery of solid waste decreases with time, the total
amount of landfill gas generated will increase each year of the study period with
additional deliveries of solid waste.

The results of our estimate of the annual quantities of landfill gas that could be
generated and collected each year from just County waste are presented in Table 12-1.
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Table 12-1
Estimated Landfill Gas Generation

Amount of Amount of

Landfill Gas Landfill Gas

Generated Collected MMBtu/hour

Tons of Waste (cubic feet/ (cubic feet/ Collected

Year Landfilled minute) minute) and Sold
2016 1,164,301 538 431 12
2017 1,186,079 1,414 1,131 31
2018 1,208,538 2,407 2,287 63
2019 1,225,386 3,463 3,290 91
2020 1,249,642 4,487 17
2021 1,255,030 5,407 149
2022 1,277,946 6,238 163
2023 1,275,651
2024 1,299,948
2025 1,324,825
2026 1,324,286

2027 1,349,746 247
2028 1,362,825 260
2029 272
2030 284
2031 296
2032 308
2033 319
2034 330
2035 341
2036 351

Projected 'Energy Prices

R. W. Beck developed long-range energy price forecasts for: 1) the electricity that
could be generated by the Conversion Facilities; and 2) the landfill gas produced by
County waste at a landfill.

Presented below is a discussion of the methodology and principal assumptions we
used to conduct the Pacific Northwest market price forecast. In preparing the price
forecast, we have made certain assumptions with respect to conditions that may exist
or events that may occur in the future. While we believe the use of these assumptions
to be reasonable for the purposes of this report, we offer no other assurances with
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respect to these forecasts, and it should be anticipated that some future conditions may
vary significantly from those assumed due to unanticipated events and circumstances.
To the extent that future conditions differ from those assumed in the analysis, actual
results and outcomes may vary from those projected.

Projected Electricity Pri'ces

We have assumed the Conversion Facilities will generate electricity which the County
will be able to sell to reduce the cost of waste disposal. Presented below is the
methodology that was used to project the price of electricity in the Pacific Northwest.

Methodology

Energy Price Forecast

s such as the Conversion
ty components. In some

The prices that utilities pay for electricity generate
Facilities are generally comprised of both ene

energy and capacity prices are combin
forecast market-clearing prices, we used a ciis]
MarketPower™ and PROMOD ™4

updated by R. W. Beck to make t
the North American power marke
outlined in this report. ¢

PowerB se M database and the
els. The PowerBase database is
t with our general knowledge of

oduces hourly, monthly, and annual average energy prices for
as. The model also simulates the mothballing of uneconomic
plants, forecasts additions of new capacity, and calculates initial capacity prices.

We use the PROMOD production costing model to test and evaluate the market prices
and the capacity forecast developed by MarketPower. PROMOD also allows for the
creation of hourly prices that reflect a more sophisticated unit commitment and
dispatch algorithm; this is because PROMOD uses more detailed operating
characteristics of generation units than those used in MarketPower. We have found
that using these particular models in combination produces better, more robust price
forecasts and asset valuations.

In this report, the calculation of the market prices for energy assumes that energy
prices are based on the variable operating cost of the highest cost unit serving load
during each hour. The variable cost includes all fuel costs, variable operating and
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maintenance (O&M) costs, and emission costs, and does not include any bidding
adjustments to artificially increase or decrease the modeled marginal cost of power.

Capacity Price Forecast

Capacity value in a market is a reflection of the scarcity value of generating capacity
during peak load hours of the year. Capacity value may manifest itself as price spikes
in the energy market, as a separate capacity product (such as is traded in the PJM,
New York, and New England power pools), or both. Long-term capacity value will be
driven primarily by the overall load and resource balance within the region and the
incremental cost of investment in generation additions. Over the long term, sufficient
resources must be built to satisfy the demand within a given reliability region or
transmission-congested area. In a competitive market, the selected resources will be
the least, total-cost option for incremental generation within that region.

Modeled capacity prices within a given market area are determine residual fixed
cost curve, defined as follows. Modeled energy market revenu ed by a resource
are used to first offset the variable operating costs of the ith any surplus
energy revenue being used to offset the fixed operati e costs and
capital costs (if any) of the resource, including Any
remaining unrecovered fixed costs represent a capat resource

t. When the resources
can be determined by

would have to recover from the marketplace to rema:
are sorted by their unrecovered fixed cost
the peak demand and required reserves i
Figure 12-1.
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l
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Within a competitive market, and based on an assumption of equilibrium over the long
term, sellers should be able to recover the full fixed costs of the most cost-effective
capacity resource in the market. In markets where surplus supply exists, owners of
existing generating assets should reasonably expect to recover all variable and fixed
operating costs. If operating costs cannot be fully recovered from the market, then the
resource is a candidate for mothballing or retirement. In markets where supply and
demand are in equilibrium, owners of newly installed generating assets should
reasonably expect to obtain all operating and capital costs, including a reasonable rate
of return. Otherwise, no new resources would be built and the market would enter a
period a supply deficiency under which demand for power could drive market prices
to values exceeding long-run marginal costs. We assume that over the long term, total
market prices will not exceed those required by the least-cost new entrant.

We have developed the wholesale power price forecast and all asset-specific
projections for electricity that would be generated by thegtonversion Facilities. The
prices in the power price forecast are based on a ons about future market
conditions, such as load growth and fuel prices, whi ve assumed to represent a
reasonable expectation of future conditions.

Prices were developed for the Western which is a market
area defined by transmission constraints w ‘ ¢ British Columbia
market to the north, Eastern Washi and Eastern and Western Oregon

The results of the pow nted in Table 12-2.
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Table 12-2
Base Case Power Price Forecast
($2007 per MWh)

Year All-Hours Price
2007 49,87
2008 49.09
2009 44 .86
2010 45,03
2011 46.82
2012 46.29
2013 46.62
2014 52.90

2015
2016
2017
2018
2019
2020
2021

2030 58.24
2031 58.58
2032 58.92
2033 59.26
2034 59.61
2035 59.95
2036 60.30

Note: Inflation assumed to be 2.4% per year
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Implied Value of Landfill Gas

We have developed an estimate of the implied value of landfill gas based on: 1) the
estimated power price forecast presented in Table 12-2, 2) the estimated operation and
maintenance expenses incurred by a new landfill gas-fired generator, and 3) the
required return on the capital investment to construct a new landfill gas-fired
generator. We started with the assumption that the landfill gas-fired generator will be
owned by a private third party and the calculation of energy revenues for the Waste
Export Disposal Option is based on the sale of the landfill gas to the third party
electricity generator.

Based on these assumptions, the implied valuation of landfill gas is presented in
Table 12-3.

Table 12-3
Implied Value of Landfill
($2007 per MMB

2028 5.17
2029 543
2030 5.70
2031 5.98
2032 6.26
2033 6.56
2034 6.86
2035 7.18
2036 750
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Projected Energy Revenues

Conversion Facilities

Based on an assumed net energy generation range of 500 to 550 kWh/ton of waste
processed and the energy price forecasts presented in Table 12-2, we have calculated
the range of annual energy revenues that a 3,200-TPD Conversion Facility could
generate. The results of that calculation for certain years are presented in Table 12-4.

Table 12-4
Projected Revenues from the Sale of Electricity

500 kWhiton
Annual
Price of Energy
Electricity Generated
Year ($2007/MWh) (MWh) $000
2016 55.23 525,600 31,932
2021 54.59 525,600 31,560
2026 56.91 525,600 32,905
2031 58.58 33,870
2036 60.30 34,862

(1)  From Table 12-1.

Our analysis indicate; Conversion Facility operating at a

] be expected to realize between $29,029,000

expressed in 2007 dollars

Over the 20-year planning period, a 3,200-TPD Conversion Facility is calculated to
generate between $630 million and $694 million in electricity revenues. Again, these
estimates are all expressed in 2007 dollars.

Waste Export Disposal Option

For the Waste Export Disposal Option, we have assumed that collected landfill gas
- will be sold to a third party who will use the landfill gas at the site of the landfill to
generate electricity which can be transmitted to the electrical grid. Based on this
assumption, as well as the estimated annual generation of landfill gas as presented in
Table 12-1 and the estimated levelized implied value of landfill gas of $4.06 per
MMBtu, we have calculated the value of the gross revenues that could be expected to
be generated from the landfill gas produced from that solid waste delivered by the
County. The results of that calculation for certain years are presented in Table 12-5.
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Table 12-5
Gross Energy Revenues from Sale of Landfill Gas
MMBtu Implied Value of - Gross

Collected Landfill Gas Revenues
Year and Soldt" ($2007/MMBtu)®2 ($)
2016 105,120 $2.80 $294,336
2021 1,305,240 $3.44 $4,490,026
2026 2,041,080 $4.67 $9,531,844
2031 2,592,960 $5.98 . $15,505,901
2036 3,074,760 $7.50 $23,060,700

(1) From Table-12-1 and integrated over the year.
(2) From Table 12-3.

Over the 20-year planning period, the Waste }
generate approximately $215 million (2007
landfill gas.

Option is calculated to

s over a much longer time (over 40
years) than the 20-year planning § 0,2036. This means that while we
have only considered the expect ction and sale of landfill gas
during the planning peri be ated from landfill gas generation
through at least 20764 ' 19s only considered the revenues that
would be expected* ring the 20-year planning period in order to
facilitate co i mated value of energy revenues for the
n and Waste Export Disposal Option. It is
nder the Waste Export Disposal Option, the County

would pay under the Waste Export Disposal Option would be
gas revenues received by the owner of a landfill.

tipping fee the C
influenced by lan

Summary of Revenues

Based on the forecast of the price of electricity discussed in this section, and assuming
the operation of a 3,200-TPD Conversion Facility and a landfill that accepts only
County waste, we calculate that the two options would generate the following amount
of energy and generate the following amount of revenues.

Conversion Technology Disposal Option:
1. Total MWh Generated 2016-2036: 11.6 million
2. Total Revenues (2007 dollars): $662 million
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Waste Export Disposal Option:

1.
2.

Total MMBtu generated 2016—2036: 39 million
Total Revenues (2007 dollars): $215 million

In reviewing the calculation of energy revenues, it is important to note the following:

I.

For the purpose of this comparative analysis under the Waste Export Disposal
Option, we have assumed the County will stop delivering solid waste to the
out-of-county landfill in 2036.

The landfill can be expected to continue to generate landfill gas for at least
40 years after 2036, but we have not included years beyond the study period of
2016 to 2036.

The Conversion Facilities can be expected to have a useful operating life of
50 years if properly operated and maintained. This would exfend the period of
electricity generation for 30 years after 2036, but we h included years
beyond the study period of 2016 to 2036.

The County can expect to realize the finau€igh generating

of landfill gas. We cannot determir
realize any financial benefit from th
produced from County waste at a priva

that the County would
lection of landfill gas
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Section 13
TRANSFER STATION COLLECTION/
TRANSPORTATION INFRASTRUCTURE

This section of the report presents a review of the compatibility of the County’s
planned transfer station and transportation infrastructure with the implementation of a
Conversion Facility in the County if a decision was made at some future time to
implement this disposal option.

Conversion Technology Implementation

As described in Section 6, we have assumed th
implemented, the County would construct a sing

Conversion Facility were
sion Facility regardless of

be located in an industrially zoned area a i : ighborhoods, and that

this site would not be any more remote fre » Stations than the current
location of the Cedar Hills Regional La In such a case, we believe the
recommendations outlined in the xport Plan, that the County should
have seven transfer stations in th 3 dtions at Bow Lake, Northeast Lake
Washington, South County, Fi a/Eastgate and existing stations
at Enumclaw and Vas well with the implementation of any
of the three Conve his scenario will meet the waste transfer
priorities of the Co ; e Waste Export Plan, and would result in
efficient co ; _ te to a Conversion Facility.

One potg : omithe Waste Export Plan that could make sense would be
to replace@n ) new stations with the Conversion Facility. Replacement

is a potentia y to reduce the County’s overall capital expenditures and
allow for the s ply one larger facility instead of two separate facilities. In this
instance, the C n Facility would need a separate on-site public drop-off area
for self-haul and commercial customers and would also need to accommodate transfer
trailers from the other County transfer stations. This approach would require a larger
site than would be necessary for either of the facilities on their own, but it could
provide advantages in economies of scale and decreased overall siting efforts. Also
the capital cost of such a facility would likely be significantly less that the combined

cost of the facilities individually.

According to the Waste Export Plan, “limited intermodal truck-to-rail capacity in the
region” and “prospects for greater competition for this limited resource in the years
ahead” are important considerations in determining whether to procure a County-
owned intermodal facility. If the County were to determine this facility was necessary
for the Waste Export Disposal Option, an intermodal facility designed to load a full

RWECK
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train would be required. However, if a Conversion Technology was employed in the
County for waste disposal, a County-owned intermodal facility would not likely be
needed even if rail long-haul is determined to be the best method for transport of the
resulting residue ash and bypass waste for disposal. Implementing a Conversion
Technology would result in a far smaller quantity of residue ash and any bypass waste
than the amount of export waste envisioned in the Waste Export Plan. It is difficult to
economically downsize an intermodal facility, since this type of facility is typically
sized in order to load a full-length train. With the reduced rail-haul needs of the
Conversion Facility, economics would not favor a dedicated intermodal facility for the
County. In this situation the County should consider contracting for private
intermodal services utilizing the existing intermodal capabilities in the region.

Conclusions

If the County at some future time chooses to implement a Con
primary disposal method in the County, the planned transfer
infrastructure described in the Waste Export Plan would

Facility as the
d transportation

operating efficiency by replacing one of its p with a
Conversion Facility, as long as a separate self-haul dre i luded on
the site. Considering the projected quanti W n Facility residue and
bypass waste, it would make sense for sider contracting for -
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Section 14
ESTIMATED FACILITY SITING AND
PERMITTING COSTS

This section of the report presents planning estimates of the costs the County may
incur as part of the siting and permitting efforts for the implementation of both the
Conversion Technology and Waste Export Disposal Options.

Conversion Technology Implementation

If the County decides to implement a Conversion
Conversion Facility could be a controversial issue ft
of a Conversion Facility will require that the Cg

hnology, the siting of a
ety of reasons. The siting
nsider major policy issues

analysis, civil/structural engineeri it ntal law. Our previous experience
has indicated that selecting a sif j € necessary permits to begin
construction can take three to four

Some specific activi importance to the County related to
the siting of a Con

]

=

]

] cluding access to electrical transmission lines, water and
]

m  Adjacent property uses

m  Current site uses

m  Site area (size)

m  Traffic analysis

®  Environmental impact studies

B Environmental site assessments

m  Hydrologic studies of the selected site
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Site layout
Preliminary conceptual design

Permit applications

Proximity to schools, hospitals, nursing homes, and residential housing

Permitting a Conversion Facility would also likely require a significant amount of
effort on the part of the County. Prior to application for the standard building and
operational permits, a State Environmental Policy Act (SEPA) environmental review
would be necessary as a first step in obtaining environmental and land use permits.
Because of the height of Conversion Facilities (as much as 200 feet considering the
flue gas stack), it is very likely that a variance would be needed from the height
restrictions under the zoning ordinance. The SEPA environmental review would
without doubt involve a project-level Environmental Impact Statement (EIS). While
not incorporated into our cost estimate, if the project-level EIS wa; ealed it would
add significantly to the legal fees and extend the timeline for . Also, since the
implementation of a Conversion Technology would be a d om the County’s
current Comprehensive Solid Waste Management Pla i
also be necessary for a revision to that plan.

For these reasons it will be important for the County
use, and environmental permitting timeline a

ing, land
ble expectations of the
ility. We expect that
the duration for such efforts would be at _ ths. A preliminary
planning estimate of the range of utlined in Table 14-1.

of technology employed, an rs that require further review and

consideration by the C ates assume a modest amount of
air permitting and si ) Iready available for the site.

Estimated Sitir ‘ tting Costs for Conversion Technologies

($2§§7n)ge Assumptions
County Staff Cost $600,000 to $1,000,000 1 FTE for 3-5 Years, $200,000/year
Legal Fees $300,000 Outside Legal Expertise, $300/hour, 1000 hours
Programmatic EIS $200,000 to $300,000
Project-Level EIS $500,000 to $1,000,000  Includes traffic and other supporting studies
Siting/Conceptual Design $300,000 to $400,000 Includes supporting geologic studies
Permitting $300,000 Includes $100,000 for NOC Air Quality permit
Total Cost $2,200,000 to $3,300,000
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ESTIMATED FACILITY SITING AND PERMITTING COSTS

Wast'e Export Implementation

If the County chooses to design and construct an intermodal facility, siting and
permitting will likely be somewhat less complex than that associated with the siting of
a Conversion Facility. Nevertheless, it should be anticipated that this option will also
have challenges. Since, an intermodal facility would not require the extensive air and
environmental permits required by a Conversion Facility, certain permitting aspects
will not be required. However, the County should expect citizens near the selected
site to express concerns with traffic, noise, odors, litter, and vectors. While an
intermodal facility will not have the tall stacks and visual impact of a Conversion
* Facility, the same number of collection vehicles will be accessing the site.

One of the biggest issues with siting an intermodal facility is its need for immediate
access to one or both railroads. This will significantly limit the number of viable sites
and constrain the County’s siting flexibility. The Countywill also need to negotiate
connection agreements with railroads that must be j ace prior to financing and
commencement of construction. We expect tha ion for successfully siting
and permitting an intermodal facility would be ths. A planning estimate

Assumptions

County Staff Cost
Legal Fees
SEPA Co

1 FTE for 1.5 to 4 Years, $200,000/year
County Legal, .33 years, $300,000/year

000 to $500,000  Checklist/DNS or EIS (higher end of range).
Includes traffic and other supporting studies

100,000 to $200,000  Includes supporting geologic studies
Permitting $100,000
Negotiations with Railroad $100,000

Siting/Concep

Total Cost $800,000 to $1,800,000

Conclusions

It is likely that the siting and permitting efforts for implementation of a Conversion
Technology would be extensive and would require several years of effort. While these
efforts would be somewhat less extensive for an intermodal facility in the County as a
part of the Waste Export Disposal Option, they would still last for more than a year
and a half and could cost nearly $2 million.
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Section 15
COMPARATIVE COST ANALYSIS

This section of the report presents a summary of the comparative cost analysis done to
allow comparison of the costs of the various options. The analysis considers cost and
revenue assumptions, as presented in previous sections of this report, and calculates
both a Net Present Value and a Net Present Value per ton for each Conversion
Technology and for the Waste Export Disposal Option. While these Net Present
Values do not represent the actual costs of the options, they are used to place each
option on a time equivalent basis that considers the time value of money in the
comparison.

Financial Model

A financial model was prepared to determin s and revenues of each
option and technology for the duration of iod. odel considers most
of the aspects discussed in previous secti igiteport inc g tonnage requiring
disposal, tonnage processed, by due ash, and energy generation.
Based on the assumptions previ ges of costs and revenues were
calculated and combined for eac riod. Finally, the Net Present

tween options. The financial

The basis of mate of annual energy revenues for all disposal options is
discussed in Sectr 2. Note that for the purpose of this report, we have included
only the forecasted electricity revenues. In reality, the Conversion Technologies
should also be able to realize additional operating revenues, as follows:

1. The RDF facility may be able to realize revenues from:

a. The recovery of aluminum cans, if the design of the facility includes eddy
current separators as part of the front-end processing equipment, and

b. Pre-combustion ferrous metal, if the design of the facility includes magnets
as part of the front-end processing equipment.

2. All of the Conversion Technologies should be able to realize revenues from the
sale of ferrous and non-ferrous metals recovered from the residue ash. The

R ECK
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Section 15

value of these metals will vary significantly during the planning period,
depending on the price of scrap metal. Some currently operating Conversion
Facilities receive approximately $1 million per year for recovered ferrous and
non-ferrous metals.

3. The advanced thermal recycling facility should be able to realize revenues
from the sale of gypsum and hydrochloric acid recovered from the flue gas
scrubbing systems.

For the purpose of our analysis, we have assumed the Conversion Facilities will
realize energy revenues based on energy efficiencies of 500 kWh/ton on the low end
and 550 kWh/ton on the high end. Since the energy produces revenue, the high end of
the range is considered in determining the low cost and the low end is considered in
determining the high cost.

re not carried
he landfill gas
es will accrue to
inore on market

Note that energy revenues for the Waste Export Disposal Opti
forward in this analysis. Since the County will have no contro
revenues, we are unable to determine the likelihood that suc
the benefit of the County. In our experience, tipping fees
conditions than the actual net cost of disposal.

Annual Operating and Maintenance Exp

The estimated operating and maintenance €
discussed in Section 11. Included in our
maintenance costs, the cost of resichg
of the incoming waste by weig
disposal is the same as the a$§ ste Export Option of $45 to $50
per ton. '

e disposal options are
seneral operation and

For the purpose o
also escalated the

rative analysis for each disposal option, we
year to account for inflation.

Annual Debt Servi

In order to convert the estil capital costs of the Conversion Technologies into a
cost per ton of solid waste processed we have developed an estimate of the total
annual debt service payment associated with each of the Conversion Technologies.
The annual debt service payment is incorporated in the financial model for each option
and considered as a part of the comparative cost analysis.

To develop an estimate of the annual debt service payment, we first escalated the
capital cost estimates of the options from 2007 dollars to 2013 dollars since the debt is
assumed to be issued in 2013 at the start of construction, assuming a three-year
construction period. The next step is to determine the Total Financing Requirement
(TFR), which represents the total amount of revenue bonds that will have to be issued
to pay for the cost of a Conversion Facility. The TFR is calculated in accordance with
the following formula:
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COMPARATIVE COST ANALYSIS

where:

For the purpose of this report, we have assumed the Co
with the following provisions:

TFR = TCC + CI + DSRF + COI - IERF

TFR = Total Financing Requirement
TCC = Total capital cost of the Conversion Facility

Cl = Capitalized interest for the three-year construction period
DSRF = Debt Service Reserve Fund
COl = Cost of insurance of the revenue bonds, assumed to include

underwriter’s discount, legal fees, printing expenses, Independent
Engineer’s Report, etc.

IERF = Interest earnings on reserve funds

will issue revenue bonds

1. Interest rate: 5 percent
2. Total term of the bonds: 23 years
3. Period of capitalized interest: 3y
4. Levelized debt service pa IS, commencing at the end of the
construction period
5. Tvice payment
6.
7. accrue at 4.75 percent
8. on 20-year levelized payments and 5 percent
Based on ptions, the actual formulas utilized for the calculation
of TFR are s
COl = .03 xTFR
IERF' = (3 x .0475) x (DSRF + CI/2 + TCC/2)
Therefore:
TFR = TCC x 3(.05 x TFR) +.0802426 x TFR + .03 x TFR — (3 x .0475) x
[(.0802426 x TFR) + 3(.05 x TFR) /2 + TCC/ 2]
TFR = 1.219024 x TCC

" Interest earnings on the decreasing balances of CI and TCC are approximated by assuming that
interest is earned on half of the original balance for the duration of the construction period.

001640 | 11-01056-10004 | 6/8/2007 R. W.Beck 15-3



Section 15

Following the determination of the TFR, that amount is multiplied by the Capital
Recovery Factor of .0802426 to determine the Annual Debt Service Payment.

The results of the calculations are summarized in Table 15-1. As can be seen in the
table, the same basic formula and approach was also used to develop an estimate of
the annual debt service payment associated with the capital cost of constructing and
equipping an intermodal facility as part of the Waste Export Disposal Option.

Table 15-1
Estimated Capital Costs

Total Financing Annual Debt

Estimated Capital Costs Requirement  Service Payment
Conversion Technology ($2007 millions)  ($2013 millions)*  ($2013 millions)  ($2013 millions)
Mass Burn $460-$520  $530— $600 731 $44 — $50
RDF $560 - $610 $646 — $703 $857 $54 - $59
Advanced Thermal Recycling $520 — $560 $600 - $64 $50 — $54
Waste Export $16.5 $1.6

Note that once the County has made a capit
the construction period), the annual recove

(the assumed start of
of that investment is

Facility. Therefore, while the of ance expenses of the Conversion
Facilities and the Waste Exp i nd the operating revenues of the
Conversion Facilities, wi 0-year period, the annual capital
cost component will rémain fike bonds have been issued.

We have developed esti ¢ Total Net Annual Costs for each disposal option,
the results of which are presented in Exhibit 15-1. The estimate of the Total Net
Annual Cost is equal to the Operating and Maintenance Expenses plus Annual Net
Debt Service Payment less the Annual Energy Revenues. The Total Net Annual Cost
was divided by the total annual quantity of waste requiring disposal in any given year
to calculate the Total Net Annual Cost per ton.

Net Present Value

To assist the County in its evaluation of the comparative costs presented here, we have
developed a net present value (NPV) calculation of the net annual revenue
requirement for each option. The NPV calculation discounts the future net annual
revenue requirement for each option during the 20-year study period based on a
discount factor. We used a discount factor of 5 percent in this analysis as that
represents the County’s assumed cost of borrowing. We also used 2016 as the base
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COMPARATIVE COST ANALYSIS

year for the analysis because it is the first year that the County would incur expenses
or realize revenues from either option.

Net present value is a tool used to compare different alternatives where expenditures
vary substantially over time. By using net present values, we can compare the
significant but decreasing (over time) capital cost of the Conversion Technology
Disposal Options against the more consistent, contract-based Waste Export Disposal
Option. It is important to recognize that the NPV is not an estimate of the actual cost
to the County of either disposal option; it is an estimate of the value of the option
considering the time value of money. The results of the NPV calculation are shown
on Exhibit 15-1 and are summarized in Table 15-2.

Table 15-2
Summary of Net Present Value Cal

Disposal Option Total Net Present Valu Net Present Value per Ton
( ($2016)
Mass Burn , $39 - $55
RDF ' $56 - $71
Advanced Thermal Recycling $51 - $67
Waste Export $43 - $47
Conclusions

Based on the ve
estimated n ‘ lars) of disposal for the four options is close
inate any of the disposal options at this time

001640 | 11-01056-10004 | 6/8/2007 R. W.Beck 15-5






P68 uo} 4ad anjep jJussaid JoN|
£, i

86£'762'750'1$ anjeA Juasaid JoN [ejoL]
G0'€Z$ uo) Jed anuansy ABleuz]

¥0Z'0€1'919% anusAay Abieuz

87'29$ uo} Jad 109 [EIO |

TH8°Ter'049°1$ 1800 [B10L

san|ep juasald 19N Aoy

_ LI'6L8 9¢'1L8 69'6.$ L0048 15248 _ 20148 £0'69% 16293 6899 16'69% 679 £6'29$ 4 '29% §5'19$ 06°09% 68°653 89°859 12958 99'28§ uoj 49d §50 [enuuy JaN [ejo )]
022'921'121$1456°59'91 18 [SEV'69E'TH 18 |0P0°E5Z'804S 192228 701 $ |02°85°001 8 | 900'9%'96¢ | 198155263 | 261'68Z°063 | 121251088 | L56'6e0'08s | 12 208188 | paLES 6L | 1 ‘618 | EP6'OYZ'LLS | $OL'E0L'OLS | £8E°B8E'SLS | LPY'GLE'04S | 009'pLO'99 | LL1'208"198 1809 [enuuy JaN [ejoL
PLZ'SEE’ L9 | LOE'8LE'SO | 09Z'8/V'EQ | BEV'EEY'L9 | ET'THR'6S | PBO'COL'SS | 6LV'VIV'OS | 6V6'PAL'YS | 890'S8L'CS | 0GV'ZE9'LS | 0L1'902'05 | 1ov'BEL 0L 512 GES'/86°Ch | 866'618'2h | 620'995't | 009'8/8'0% | L¥V'2IS'LY | LbY'62S6E anuaaay AB1aug ssa|
2rr'L91'98) | 852'Y20'28) | 569°4p8'SLI | 64v'988'691 | piv'69) POl | vOY'L89°8S) | SBY'BL8'ZS) [ £18°928° L) [ v9Z 99V ch) | Z46'688 08 | 899'5pT 95, 2L 978" 1E) 'S0 Wa 25T | 84'82T'LZL | TOL'ET6'8LL | ZHv'PSE'LL | BPL'EBL YL | LpL'1ST'R0L | £19'9€8°00) 3507 fejo ]|
IVS'VRY'YY | LVS'VBY'bY | LVS'YBY'bY | LYS'VBY'YY | LvS'vav'vy | L0S'vRY'RY | LbS'YBY'YY | LoS'VRY'R | L6S'vRY'bY | LvS'vBY'YY nvmé%v s Sadia VRY'PY | ZVG vaY'vY | L¥S'PBY'YY | LYS'VBY'YR | LYS'YRY'PY | LbS'PRY'P | L6S'YBY'PY | LbS'VRY'VY 90198 143(
168'76Z'LE | 662'SYO'VE | 0E¥'1Z4'ZE | 1€9'/69'62 | BIZ'16E'LT | 6LE'261'GT | S66'06L'Z2 | ¥1Z'LIS'0Z | £62'681'61 | 988'IbL'LL | POL'E, ..wm 92806814 | 02v47) 806'pP6'ZL | 206'C9E'LL | 0LZ'P08'0L | 91€°192'6 | 9g¥'s9L's | B8L1'6£8'9 | 06%'009'S fesodsi(] 3)sepm passeghg]
GEE'1ZY'07 | 0LL'TYB'6L | £0£'SIK'6Y | 1GB'8LO'GL | 960'C2S'8) | 6BL'ZEL'S) | SBOTMLLL | ¥PS'U62'LL | £€1°768'0) | £22°06v'0L | £65° 0R9b2 520'2¢2 Gl | 822'€00'S) | 06S'L59'vL | €81'80C'YL | SPB'ZLE'EL | 95E'SPO'EL | £pS'STE'EE | 9ZZ'ELO'EL Juswabeuep ysy SnpIsay (€10}
699'092'98 | 20.'196'28 | SHY'99L'6L | 0SV'S89'OL | ZL9'0ZL'EL | 689'298°0L | 852'068'29 | R0S'EE0'SH | 882'668'79 | S16'99 @ w»m@m,\w& L8l 90'vS | BL'vBB'ZS | BEY'8ZL'0S | Z18'928'6Y | $OL'SET'Lh | 9BE'BY'SY | 61'209'Cy | 9GE'88.'2€ soueud)ulely g uoyesado [ejo
n S1S0J |ejo ||

091849 09185 091'8.5 091'845 091'8/§ 091'85 09188 094845 091845 ow%mwmwy 0917 1'825 091828 094848 094825 091'845 0891'8. 091'8/S 001825 09}'85 (4pmw) pejessuag Abiau3
008'792 008'292 008292 008'292 008'292 008'292 008'292 008'292 008'292 009'28% 008'292 ‘792 008'292 008'292 008'292 008'292 008792 008'292 008'292 008792 abeuuo) ysy anpisay
6Ly 195'95p LyY'EEr 8SE'0LY 218'/88 180'69¢ 9p1'8ee 529'1LE ¥S'86C 980 x i 8796l 89.'8v2 15v'v22 9p.'9ee 0£8'802 Zh'e6) 98)'pLt 8€€'/G1 6/8'vE} L0L'ELL passedq abeuuo |
002'150'L | 002°LS0°) | 00Z'150'} | 00Z'1SQ'F | 00Z'MS0'F | 002'LSO°L | 00Z'LS0°L | 00Z')S0'L 124,50’} 002 } 0'L | 002'150'} 002'150's | 00Z'1S0'L | 002'1S0'L 002'150'k 002'150'} 002'150'% 00Z'150'} 002'150't passe00ly abeuuoy;
PrVIES'E | APL'L0S'L | Zy9'98vL | 8SS'LOP'L | ZLLSEV'L | /82'0L'L | Ove'e8Et | S28'298L | oW PRl | 982'ZE') hee't | eve's6z'l 169'622' | 9v6'LLe') | 0£0'SST'L 2re'6vZ'L 98€'522'L 8€5'802'Y | 60'981'}L 10€'p9}'4 lesodsiq Buuinbay abeuuo |
5 . sabeuuo|

99118 80°€L1$ 646018 09'901$ 05°€0t$ 05°00i$ 85°269 vL963 $8'98% 66'58% 05°28$ 11648 8098 9028 68148 02'0.8 1618 1£'89% (umpi/g) s2ud ABraug|
VOLIS 68'62$ 18741 1£'2L8 19°0.$ 20'69% 0y'298 78'69% 08'19$ 98'659 9y'85% 80'26% 62'65% SpS$ 11888 26°158 12°06$ 25°6Y% Juawabeuey aisem passegAg nun)
VLLLS 68'S.$ 18753 1823 190/ 20'69% 0r'29% 28'59% 0¢'193 99'65% 9v°'85% 60'26% 54583 Sy'ped L1858 26'168 12058 26°6v$ juawabeuepy ysy anpisay jun|
pE'95$ 20658 £L°E5% JALAT] ¥2'18% $0°05% 98'8r3 [ 2 bdds) 1A% 4] 8E°2Y8 6£'173 [444%3 Ly'6E8 G5'8€9 $9'2€$ 92°9¢% 06'S£$ 9oueusjulely § uojesado jlun
S}S0 Jun)|

5607 | te0Z £807 | Z£0Z 107 | 0807 | 6202 | 820z | [tzoz | 9z0z | Szoz | vzoz | €20 | 2202 1202 | 0z0Z 610z | 810z | LL0Z | 9i0Z HVIA

passediguojsad  00'SYS juswabeuepy ajsepm nmﬂm&m

) anpisay uoj;ad  QO'0P$ juswabeuely ysy snpisey
passagolq uosad 06T 1500 W90 N

uohyMA 055 uonesauag) Abisug

%0°62 sy anpisay Jusdiad

Jeafiad suoy 00Z'150'L foedeq Ayoe Buiuelg

SOLBIN 200T

pug Mo - $1S00 NuNG SSY

| obed -G} }qIyx3



6£'96$ uo} sad snjep Juasald JaN

966'028°08¢'1$ anjeA Juasaid JoN [ej0)
G6°02$ uo} Jad anuanay ABlaul
89€'8} 1095 anuaAay Abieug
¥£'9.8 uoy 4ad 1507 [ejo]
£9€'6€6'010°2$ 1800 [Bjo ],

san|ep Juasaly J9N Asy

69°CHL$ LEOLLS £9°201§ _ £2'50L$ 162018 19'001$ _ $E'86$ 0196 _ res 86268 7168 69°88% 67'58¢ _ 98'v8$ 64288 LILes LT8Ls £P'ELS uo} Jad 3509 jenuuy JaN [e10)]
£95°0v5'2L1$|969'720'991$ 1689'764'651$ |8v0°E62'C51S |pe6'aso'ay S [61.2°185'2r1 8 (830°069'981$ 082’296 081§ [9z8'vor LTI $ S L0'2ee 2z §|ove'B16'0218 (016 982G LIS 061'€62'2014 [225°121'501$(091'55P' 101 | 206'920'964 | Sp9'6€8'26¢ | €L4° 161588 1509 |ENULY 13N (€10 )]
VEB'ELZ’L9 | 6I8'VEV'6S | 605'0/'LS | 66£'080'95 | 0E0°20¥'YS | 986'028'25 | 068'682'LS | BOV'SEL'6Y | £v2'eve'sy | Ler'eve'or | 816'Lpe'sh 899'886'6E | 142'/26'8E | 662'28L'€ | 9E'Z9L'/E | LOY'U6L'IE | GS8'GE6'SE anuanay ABisug ssa|
YEE'YSL'EET | §15'661'S2T | 861'206°L1Z | Lyv'ET8'602 | ¥96°03Y'20Z | S04'20v'S6) | 856'516'48) | 8697908} | 040°c18'5L4 | ZVT'SLT 691 £92'096'99) 651'Z82'2y) | S6L'8PE'PY) | BGY'THL'6EL [ 992'68Y'SE) | TG0'LE9°0SI | 620'L2Y' 1) 1s0] [ejo ),
6/8'982'05 | 6/8'982'05 | 6/8'982'0S | 6/8'982°05 | 628'982'0S | 6/8'982°05 | 6/8'982'05 | 6.8'982'08 | 6/8'982'0S | 6/8'982°05 6/8'082 ) 6.8'982'06 | 6.8'982'05 | 628'982'05 | 68'982'05 | 6/8'982'05 | 6/8'982'0S Jolmag 192
SLY'08Z'1S | 982'2£9'4y | 996'99)'bY | £T'ES'OV | G26'299'LE | 96E'9VO'VE | 619'48C'1E | 026'202°82 | 126'58E'92 | €60'0.5'€2 : 6Y2'664'41 | 99€'620'GH | 684'GS8'PL | OLE'PEL'ZL | 200'€E2'H) | 698'€OV'S | $19'00LL {esadsig} ajsepm passedAg
96C'60'02 | L2Z'12v'LT | Z¥5'8LL°92 | 026'051°92 | L00'9ES'ST | 09¥'6E6'vC | 2v6'¥SE've | §21'v8L'cT | 289'022'ST | £0€'289'Z 8E1'629'02 | 966'Sp1'02 | G92'6/9'6) | 199'2HE'6) | S9E'294'8) | 229'TE'9L | $8M'E68'LL wuawabeueyy ysy anpisay (ejo ]
$0L'201'v0) | €ZL'VLI'00L | 218'692'96 | SOv'1S5'26 | £5H'CL6'88 | 696'625'S8 | 815'986'18 | 912'88Y'8L | L65°€16'SL 260'969'e9 | 826'622'L9 | 6SE'ZES'BS | 809'800'LS | 120'206'¥S | 189'€29'T5 | 062'9pS'SH 3oueuajuey B uojessd Jejoy
5150 |ej0]]

009'628 009'528 009'525 009528 009'625 009'628 009'625 009'6e8 00928 009'62§ 009'628 009628 009'625 009528 009'25 009'625 009'525 (umm) paressuag Abisu3
008292 008'292 008'29¢ 008'792 008292 008'292 008'292 008292 008'292 008'292 008'292 008292 008292 008292 008'292 008'292 008292 afeuuo ysy anpisay
y¥6'6L0 19595y Lhh'eey 95E°0Lp 215188 180'69¢ 9p1'8EE S29'LIE L5P'Y2Z 9pL'9ze 0£8'602 Irh'86l 981'vil 8E£€'/51 B/8'vEL 104'eLE passedg afieuuo |
002'L50'L | 002'460't | 002'150'% | 002'150'V | 002'450's | 002'450'k | G0z'Ls0’L | 002'is0') _gMuw. I i 002'1S0°F | 002'150'F | 002'450'L | 002'1S0°} | 002'150'} | 002s0's | 00z°180's | coz'hso't | 002'180') passaso.y abeuuo)|
PRULLEE'L | ApLA08'L | v9'vevt | BSS'IOV'L | zel'sev') | 8couy | ove'ess’t | sze'zess wﬁxp WESY: AR 169'6/2'L | 9ve'iz'L | 080'6ST' | zp9'evz’L | 98€'se’t | 869'0Z'L | 6.0°981') 108'v9)'} [esodsiq Bupnbay abeuuoy]
g g sabeuuo |

9r'911$ 80°cLI$ 616013 09'901$ 05018 06°001$ 85°26% yLv68 78988 66'58% 05288 11618 80'9% 90°vi$ 68'L1$ 0048 16'1L8 18898 (upnyg) eoud Abiau3
58'901$ ¥Ev0L8 06'10LS 16'663 81163 06'76% 19768 05068 62'78% 1£28% 8£'083 05'8/$ 99°'9.8 892§ Less 681/ 20698 60°89% luawobeuey a)sep passedAg iun|
$8'901$ YEP0LS 06'LOLS 15663 81163 06'76$ 1976% 05°06% 62°v8% 1£°288 8£°08% 0583 99'9/§ 98'p.8 LELs 6E°1L8 ¢169% 60'89% lualabeuey ysy anpjsay wun
66°29% 07'998 78'79$ 2698 78'19% 6£'09% 16853 65'£5% $9'65% 86258 S1'158% 56673 8L°873 v9'LyS 25°978 §7'5rS LE9Y8 £EErs 8oueuajutey B uoiessdo yun

) 51509 Jjup)|

5602 y£02 £802 2€07 1802 0€02 6202 8202 1202 9202 5202 $202 £202 2202 1207 0202 6102 8107 2102 9102 YY3A

passediguoysad  00°05$ wawaleuepy ajsep passedig

anpisey uoysed 00654 Jswabeuely ysy anpisay
passsooiguolied  00GES 1500 WO 1UN
Lo} 005 uopesauag) ABisug

%0'5T sy anpisay wsased

Jeok sed suop 002'150') Auoede) Aypoed bunrerg
SOIML3N 2002

puz yBIH - S1SOD NUNG SSYIN

¢ 9bed -6 Hqiyx3




66'66% uo} Jad anjep yussaid 1aN|
pL072£9°G6V°1$ an|eA juasaid JaN [eJo)
G0'ez$ uo} Jad anuanay ABiaug
. v0Z'0€1'919% anuaaey Abisug
. 66'8/$ uoy Jad 1809 [EIOL,
612°/92°111°C8 1800 [EJO L]

sanjeA Juasald jaN Aay
890148 | r'e0ls 6290s | 0Tp0L§ | o0zols | 8z'00kS 05'368 | 09968 PE'ES 1Ze6s | ivees | evess 1£498 £6'98§ 90'58$ 95693 §8'088 6v'548 uoj ad 1509 Jenuiuy jaN |ejo
162'G97'691$ | L'105'C91$ |LVE L6L LG 1S (628°662 2618 [S96°FH0' Ly 1S [BY1 '€20'TIS v 'B95'9E1S [695°5LE bEb$ [L02'05 1 821§ [828'08y'eTI $[008°E0L 22N 52¢'69°941$ 1£8'169'6015|L8€'989' 018 |£95°E8Z'POIS 24 '646°001$ | 260°169°568 | b26'V68'L8% 1509 |enuuy JoN E10 )]
VIZ'SES'L9 | LOE'8LE'SY | 092'8LK'E9 | 6EV'ECO'LO | ECT'THR'6S | $R0'COL'SS | 6L¥'VIY9S | 6Y6'v/LYVS | 890'€81'ES | 06Y'269'1S | 041'902°05 : SES'/86'Ch | 866'618'2y | 620°99G'P | 009'8/8'0F | Lyi'4iS'b | Iv'6es'sE anuaagy ABiau3 sso|
T25'008'9€2 | £50'089'822 | L09'642'422 | 89Z'EC6'EHE | 661'288'007 | Z62°921'002 | €09'286'26) | 816°054'98) | 542°688"18) | 628'920°L) | 116'608TLLe 78,4899 Bele . 99£'6€9'¢5 ) | S65'904'05) | 265'662'5v) | LE€'RSH kvl | BEZ'BOV'LEL | SOE'vEyLEY 1500 [€)0 ||
HOL'SSL'YS | 1OV'SSL'YS | 101'381'YS | LOL'SSL'YS | LOV'SSL'YS | 101'SS1'vs | LoK'ssk'yS | 10K'SSH'yS [ 101'ssi'ps | 101'SSH'pS | 10M'SSyRS [0k dorbe s 10'SS1'YS | JOL'SSH'YS | 1OL'SGH'PS | 1OV'SSL'HS | LOM'SSL'YS | HOM'SSH'YS 301098 10300
168'V6C'LE | 662'SPO'VE | OEY'121'ZE | 1£9'L69'6Z | 81C'I6E'/T | 6LE'L61'ST | $66'06L'ZC | ¥12'105'0Z | Z64'68L'6) | 988'WpY'LL | v9L'eABE ' ocv'igiel | 806'vve'zh | 206'e9t’t) | o1z'vos'ol | 9ie'ioz's | ocv'e9i's | szi'ees's | 06v'009'G {esodsiq ajsem pesseghg
SEE'hZv'0T | 01L'2v6'6) | €0E'GLY'SY | 168'810'61 | 960'6L5'8) | 682'Z€1'8l | GBO'THL'LL | vGu6TY | £€1'268'0) | £22'96V°OL 805 0889961 | 822'€00°G) | 085159'r1 | €64'806'y) | SpB'z6'6l | 95€'Sva'el | £v5'sze'el | 9zz'to'eh luswabeuep ysy anpisay 2104
YT 626'VZ) | 296°9E1'02) | p226TS'GLL [ 98G'L80°LLL | ¥BL°294°90) | €96'SE9'Z0M | Z28'€2E'86 | 6Sv'98K'Y6 | pvT'o60'L6 | 811 'eaadBThaLle At Feuet0e'ss | 01's00'0L | vr2's9p'es | 1€8'30 L2 [ 08E'0Lv'89 | S24'988'S9 | 81p'8vI'e9 | 8¥C'SS9'KS adUeusiuiely 3 uotierddo E10y
N 1502 Jejo ]
091'8.5 091'88 091825 091'848 09188 091'8.8 091'828 091'828 091828 091818y, 091'845 091'845 091'8.8 081828 091825 091'848 091'84S 091'845 {umw) pajessuag Abiaug
008292 008'292 008'292 008’292 | 008'292 008'292 008792 | 008'z8z | 008292 252 008'29Z | 008292 | 008'792 008'292 008'292 008'29¢ 008292 008'292 abeuuoy, ysy anpisay
¥r6'6Lp 595y | svv'eer | 8SE'DM | 2i6U8E 180'9¢ opi'eee | STOLIE 5'862 8pL'352 \Sb'yze | op'arz | OER'E0T [ 981'vLL [ [ LOLELL passeddg abeuuo
00Z'150'L | 002150t | 00z'is0'h | 00z'kg0'r | 00z'us0's | 00z'ss0'L | 00z'ks0’ | 00Z150' 2150' 50'h | 002'150't | 0021504 | coz'iGo'h | oozhso’t | 002150 | ooz'iso'h | oozuso' | ooz'hso'h | 002'iS0'L posse20id abeuuoy|
PPLAES' | ZvL208°) | Lv9'vev' | 8SS'LOY'L | ZaL'9Ev'h | BT'9MbL | Ove'e8e’l | 628'z9¢’t | oWEpel VCE'L | 9v6'e6Z) | 169'6/2' | 9veuse) | 080'sGZ't | zvo'eve’ | ese'szzt | 8es's0rt | 6L0'98k't | n0€'balrt lesodsiq Buginbay aBeuuo)
g sabeuuo |
or9lis | eo'crls | 66018 | ogeoks | oseovs | 050018 85°26% PL'v6$ 66'583 05288 118/$ 90'94$ 90'r$ 68'1/3 04°04$ 16148 L£'898 {umnyg) eoud Abieug)
Wois 6868 LHvis LU 19048 20'693 0198 78'59% 98'658 9’858 60'25% §4°66% Sv'vss L1ES$ 76'18% 4088 79'6v$ | Juswabeuep a)sepm passedAg yun
WAL 68'5/8 Lpis 18238 19'0/$ 20'69% 0v'L9% 28'69% 98'658 91858 60'25% 54588 Sp'ves 11€8$ 26153 LL05% 25'6v8 luawabeue ysy anpisay Jun
65'19% 89'6.$ 18'148 66'5/$ fAZ0) 1243 1008 14°69% 98'29% 9€°198 ¥6'65% 5863 11188 £8'658 75758 v2ESS 66°153 oueuajuep 2 uogessdo jun
1500 )un
S£02 $E0Z ££02 2802 1£02 0£02 6202 8202 1202 9202 5Z0Z 202 £202 (4414 1202 0202 6102 8102 L1102 9102 HvIA
’ passediguojssd  0Q'SpS uswabeuepy aisepm passedig
enpisay uojsed  00P$ yuswabeuey ysy anpisay
passa00Id uotod  00°'ZrE 1800 W30 un
UOIYAMY 055 uonessusg Abraug
%052 ysy anpisay Jusaiag
Jeaf jod su0y 00Z'150°) fioede) Ayjoe4 Bupers

SORILIN 2002

pu3z mo7-S1809 4

¢ abed |-G| 1qiux3




£5°0.% uo} Jad anjep Juasald JoN|

886'7EY'688°1$ an|eA Juasaid JoN [ej0L
G602 uo} Jad snuaaay Abiau3
89¢°811'095$ anuensy Ablaug
8v'16$ uo) Jad 1509 [ej0
GGE'ES5'Shy'es 1800 [ejo |

sanjeA jJuasaid JaN Asy

89°LPLS S9'8ELS £L5E18 68°2¢L$ 9°0E1$ e5LTLS £8VZIS _ £22218 L10z1$ BLLS £29L18 PEELLS _

0118 §1'6018 99°L018 58'5018 686013 _ Z8'004 LEP6S uoj Jad 1509 [enuuy J3N jelo.

1 £1'866'9128 2£0'£50'602$ 086'V0S' 1028 |957'922 V61 [¥16'192°181$ 8L '609°08 15 1£80'92r S LIS SV )1 95'901$ [e28°560 2918 |£09°46'S5 1 [508'5B6'ES 1S ¢ Mwm%v& £90'886°98 1.3 (51495 VS 19| L9V'P0L'621$(599'656 5218 |6Y5'G8E 61 1S €S 018 '60IS 1509 [enuuy JaN |ejo)
VER'ELZ'LY | 618'VEY'6S | 60S'204'LS | B6E0E0°9S | 0£0'20V'YS | 986'028°2G | 068'G8Z'LS | 80V'S6L'6Y | EVZ'SYE'ay | ZEM'EPE'O | 816'LYA'SH | 9vS'esY JG:L8> 899'986'6E | 1/2'226'SE | 66228248 | ¥9E'29L'LE | J0V'26L'2E | 558'5E6'SE anusaay ABlsug ssa
296')51°82T | SG8°289'89Z | 689'212'652 | 968'852°052 | ¥¥S'699'1PZ | VOL'OEK'EET | 446V L YTT | £65'9LE°912 | 990'pbS 0LE | PYL'IV6'20C | €2L'L29'66421880!YES 261 mﬂmwv SEL'926'9L) | 98E'COV'ELL | 99L'16%'L91 | 620'B1L°29) | SG6°28E'LS) | 86E'OML'SY) 1509 |ej0)
8/£'066'85 | 8.€'066'85 | 8/€'066'SS | BC'066'SS | 82€'066'8S | BIE'066'8S | BLE'0B6'8S | 8.€'086'8S | 8.E'066'85 | 8.6'066'8G | 826'08618S W»Mwm. i £'066'85 | 8/€'066'85 | 8/€'066'85 | 8/E'086'BS | 8.E'066'8S | BLE'066'8S | 8LE'066'8S 803G 1937
SLY'082'1S | 982'2€9'Ly | 996'99)'p | SHTVER'0r | 526'209'2¢ | 9pe'ova've | 619'2¢€'LE | 026'202'82 | 126°586'9z | £60'045°€Z | 001'COGEE | 688'vittE 6v2'664°4) | 996'629'GL | 684'GS8'YL | DIE'YEL'ZY | Z00'EEZ'LE | 698'€0V'S | p29'00¢'L lesodsiq alsepm passedig
9€€'620'82 | L2212v'LT | TYS'BLL'9Z | 026'051'9C | LOO'BES'SZ | 09v'6E6'vC | 2p6'vSe've | £24'v8L'EC | 289'922'€L 8Ey'629'02 | 966'5r1'0Z | 59.°649'61 | 199'212'61 | G9E'Z94'QY | 229'2ZE'Q) | G8H'E68'AL lusurabeuen ysy anpisay jejol ]
€44'.08'6€} | S96°8EY'VEL | ¥09'92'62) | SIE'EBT'ZL | VET'BLY'BLY | 0BS'VSE'Y LY | 6E0'6Z0°0L | SEL'BBE'SOL [ SE0'LYE'LOL 8EV'574'68 | 950'612'28 | ¥SY'EPE'6L | L1¥'PSS9L | GBT'ZEL'EL | £80°999'0L | 19V'Z9H'L9 8oUBUS|ULeH B uoijesadO [ejo ]
$1503 [0 ]

009'528 009's2§ 009528 009'625 009'62S 009'628 009'628 009'525 009's28 009626 009'526 009'528 009'628 009'6eS 009'526 009'625 009'52§ (um) palessuag Abroug
008'292 008'292 008292 008'292 008'292 008'29¢ 008'29¢ 008'292 008'292 9 008'292 008292 008'292 008'29¢ 008'292 008'292 008'292 008'29¢ afeuuoy ysy anpisay
yr6'6Ly Lys'asy Lyy'eey 85E°0LY 245188 180'59¢ 9p1'see S2'LiE /5'862 8L'8PC 1Sv'vee 921922 0E8'€0Z 2vh'86l 981y} 8ee'6) 6L8'¥EL LOV'ELL possedAg aBeuuo)
002'150' | 00Z'150'} | 002160'} | 00Z'IS0°L | 002'LS0°s | 002'kS0'L | 002'kS0'L | 002'1S0°L 00Z'150's | 002160't | 002'1S0'L | 002'1S0'L | 002'WSO'L | 002'LS0'L | 002'MS0°V | 002°4S0'W | 002'150'L passagolg abeuuoy
prLIES'E | br'208'L | Ly9'v8y'L | 86SMOV'L | ziL9ev'L | Z8T'0uL | ove'sse’t | S28'798') 8Y6'662'L | 169'S4Z'L | 9v6'Li2L | 0£0'SSZ'L | ZvO'6YT'E | 98E'GZZ'L | 8ES'80Z' | 60'98)'L | LOE'POL'L Jesodsiq Buuinbay abeuuol |
sebeuuo]

9r'9L1$ 80°ELLS 66015 09'9048 066018 050018 85263 $Lv68 66°G8% 05288 11648 80°9.8 90'vL$ 68'1.8 0£°048 16'1L8 18898 {umnyg) soud ABisua
§8'904$ VEv0LS 061018 15°66% 81°26% 06763 29768 05°06% 1£28% 96088 058/ 99'9.8 98'v/$ LELS 6ELLS 169 60899 | wsuebeueyy ajsep passedAg liun
589018 PEPO0LS 06'1018 15663 81°263 06763 19268 05068 16288 8£'08¢ 058§ 99'0/8 988 LIELS 618 21698 60898 1uatuabeueyy ysy anpisay Jun|
1£°16% 11688 80°/8% £0'688 $0'e8s 01188 61643 vELI8 £6°6/8 9L'cl$ £0'2L8 7£'0/8 69898 80°29% 16°69% 16°298 Ly'298 10'19% 86653 81858 soueuajuiey g uoneiado yun
Sis0Q jun

S£02 $€02 £€02 2£02 1£02 0€02 6202 8202 2202 9202 G202 $202 £202 (4414 1202 0202 6102 8102 L1102 9102 AV3A

passedfig uojsed  00'05% uawaBeuey aisem passedig

anpisay uojsed 00559 swabeuey ysy anpisay
passad0ig uojied  0O/bS 1509 W0 WA
UoyMy - 008 uonjesauag Abisuz

%0'SZ YSY anpIsay Juadiad

leak sod suol 00Z'150'} fyoede) Aypoed Burers
SOIML3W 2002

pu3 ybiH - S1S00 40y

v abed |-G Hqiux3



LE715% uoj} Jad anjep Jussaid JoN|
£61'C68°€LE"1S anjep Juasaid JaN {e1o]]
go'ees uo} Jad enuanay ABlau3
y0Z'0€1'919% anUBAay AbJoug
rvis uo} Jad 107 10

965'625'636'L$

180D [ejoL

sanjeA Juasald JoN Aay

TET0LS 81'001§ _ 21'26% £1°968 1263 18268 9v°'06¢ 29°88% 92'18% _ 865'68% 59488 98288 188 m 11088 51648 WL 99°948 8LELS 28'893 0} 43d 1509 [enuuy 19y {ejo |
[819'2£9'951$(SZE250° 1518 824" L25'SY1$|0S9'06Y 0P LS PLY 0SS SELS [98L°C28°061 S [222/029'521 8 [brs'aLL'02bS [LLL'SLLLIMS [SyL'oce'eLbS [sLa'vhi Tig |v8L va0 Lot s oL £0'0019(0v8'5ES 0019 ZPE'S16'864 | 688344564 | 002°50%'264 | 692'745°L88 | 582221088 1507 [enuuy J3N [ejo |
PIZ'GEE'L9 | LOE'RLE'GY | 092'8L1'E9 | BEV'CE'LO | EEZ'ZKA'BS | ¥BO'COL'SS | 6L¥'PIP'9S | 6¥6'VAL'YS | BOO'EBL'SS | 0S¥'269'LS | 011'902'05 GES'/86'Cr | 966'618'20 | 620'095'LY | 008'8L8'0F | ¥1'LLS'LY | HyYERSEE anuaay ABieu3 sss)
££8'800'v22 | 529°064'912 | 889'651'60Z | 630'2€1°20Z | LOL'T6E'SH1 | 048°926°88) | 152'160°281 | £69'¥S5'SLL | 621'856°0L) | 665°€L6'Yal | #88'05E29 SLE'SZS'YYI | OVE'SEL bp) | B6'YO'LEL | 008'CBZ'EEY | L14'680'62) | 541258611 1500 (B30
68'982'05 | 6/9'982'05 | 629'98Z'05 | 648'982'0S | 6/8'982°0S | 6.8'982°0S | 6:8'982'0S | 6£8'987'0S | 6.8'982'05 | 6.8'982'08 618'982°05 | 6/8'982'05 | 6/8'98Z'0S | 6.8'982'0S | 6/8'982'0S | 6/8'982°0S B0IMBG 1937
V68'62'LC | 662'GP'VE | OEY'IZV'TE | 1E9'269'62 | BIZI6E'LT | 6/8°461'ST | 966'062'2Z | p1T'LLG'0Z | £62°'681'6L | 988'LHL'LL 806'pb6'2) | 20B'C9E'LL | OVZ'Y08'0L | QIE'LOZ'6 | 9Sv'69L'8 | 8/M'68'9 | 08Y'009'G |BSods)( Bisepm passedAg
SEE'LZY'0Z | OLL'Zv6'6L | €OS'SLV'6) | 1SB'BI0'6L | 960'E/G'8) | 8BZ'4E1L'8)L | SBOTHLLL | WYS'L6TL) | SE1'268') | £22'964'9 | 822’0051 | 065'L68'vE | £61'80C'YL | SYB'ZLE'EL | 9GE'SHA'EY | EVS'SZE'EL | 9TZ'EL0'EL JuawaBeueyy ysy anpisay [elo]
L2L'500°9L) | 2€2°6S6" VL | 920°'242'201 | 804'82L'E0L | €15°1P1'66 | £28'90E'SH | 269°00816 | S58'85%'28 | 046'685'Y8 LL'TL | pIS'SEL'HL | v00'IZZ'89 | LS0'9EE'99 | 8/8'EZS'E9 | 60L'Z8L'L9 | 9L8'2€9'95 | 0BS'ISL0S aoueualule g uojlesado [eto |
1502 Jejo

004'825 091'848 094'825 09845 091'8/8 091°845 09185 09)'85 091'8/5 091'88 091°88 094'848 094'848 094828 091'846 091845 094'826 {umw) pajersudg Abisuz
008'29¢ 008292 008'292 008'292 008'29¢ 008292 008292 008'29¢ 008'292 9 008292 008292 008'292 008'29¢ 008'292 008292 009'292 008'292 abeuuoy ysy enpisay
yv6'6LY 195950 Lyv'eey 8501y 215'188 180'69¢ 9p1'8ee S29'LIe ShL'8ve 1Sv'vee 9vL'9ze 0£8'€02 2vb'86l 98L'vL} 8E€'451 6/8'7EL L0L'EL} passedig abeuuo |
00Z'150°L | 00Z'W50'} | 00Z'LS0°L | 00Z'WSO't | 002150t | 00Z'ks0'y | 002'4S0°% | 00Z'150°s 002'150'L | 002'hS0'k | 002'4S0'h | 002'1SO'L | 002'1S0'L | 002'W50'L | 002'L50'h | 002°150'h | 002'LSO°L passao0lg abeuuo |
PYLLES'E | Ap208'L | p9'vevL | 8SS'IOV' | Za2'8Ev't | 8E'OMPY | 9ve'e8€'L | Su8'z9g't SvE'662'L | 189'6/T') | 9ve'L2T) | 0c0'ssz'l | zv9'spel | 98e'sze’t | 965'802' | 6L0'081'L LOE'VaL'} Jesodsiq Bugnbay abeuuoy
sabeuuo |

S'9LIS 80'ELLS 61'601% 09'9013 05°€0L$ 050048 85463 yLv6% 66'68% 05288 11618 80'9.$ 90028 68'148 04048 16'148 1£'89% (umung) @dud Absaug
LLLLS 68'6/$ 18753 18718 19048 20'698 07’298 28698 98'65% 9y'85% 60'45% 61688 Sp'yes 11'E8§ 26168 14°08% 25'6¢$ wiauisbieueyy aisep passeddg yup)
VLS 68'6L$ 1874 1£2US 19048 20698 0F'29% 28'593 STV LT 0198 98°65¢ 9v'85% 60°268 61°658 Sv'pss £1'688 76188 14°08$ 5618 \uawabeuep ysy anpisay jun
81648 66'C48 §eeLs 95°048 16898 62'293 12'693 11798 19798 02°198 14'68% 1£°858 00468 99'663 9E'p5$ 80°ESS p8'168 29°08% 768 82°8v$ @oueusjulely B uofessdo Jun
$1509 |

144 $€02 £€02 (4114 1802 0£0Z 620C 8202 2202 9202 6202 $202 £202 2202 1202 0202 6102 8107 L10Z 9102 HY3A
passediguosed  00'syS wawabeue)y ajsep passedAg

. anpisay uojJad  QO0YS juswabeueyy ysy anpisay

passso0id uojiad  00°'6ES 1800 WeO Hun

uoYMY 0SS uoljesauag) Abisug

%0'5¢ Usy anpisay Juadiad

Jeak sad suop 00Z'1S0°'L Awoedeg Aoe4 Supers

SOIILIN L002

pu3 mo7 - S1S00 ONITOAOIY TYIWHIHL QIONVAQY

§ abed |-G Hqiuxg



GE'19$ uoj} Jad anjep juesaid 3aN|
$59°L6%'008°L$ aNjeA jussaid JoN [ejoL
$6'02% uo} Jad enuanay Abisug
89€'811°0958 anuanay Abisuz
0c'88$ uoj Jad 503 [ejo ]
. 120'919'09¢°C$ 1803 [ejo]
sanjep juasald JaN Aay
_ 86'961$ S6°eELS 79'051$ LIV £0°5Z18 _ fix44%3 99'6L1$ POLLLS 86'pHLS 95THIS _ SO'LLLS _ 718018 06°¢018 £PT048 45'004$ 65'86% 85568 £0'683 uoj 13d 1509 [eNnuuY 13N [BJ0 ]
leve'szi's0zs|ose 2561028 |51 6168648 £38'894'981$ |LP1'068'6L13 [88L0CE CLIS(99L'6VZ'991$ [CEE C05°651 % 885161 'S5 1S 1910906V [652°021 LIS [TvL'pSs onL S £€5'C09'08 19 {€16'666'L218 (€L 0V ETH${913" V61 '611S (BEL'VT T 1§ [e6'ELO'E0LS 150 [enuuy JaN |ejo )
1E8'€12'19 | 6I8'VEP'6S | 605'204'LG | 66E'050'95 | 020'200'YS | 986'028'2 | 068'G82'LS | BOV'SBL'SY | £v2'8VE'SY | L6L'cvE'0y | BLE'LYY'SY 899'986'6E | 12'/26'9€ | 662'/84'L8 | ¥OE'CAV'LE | LOV'L6LLE | 558'GE6°SE anuanay Ablau3 ssa|
081'2bE'042 | SL1'T6L/09Z | 999'979'52 | €62°6LL'TYT | 141262 pER | pLL'181 9T | 959'585°L4T | 2vL'362°602 | 1£8'6£5°E0Z | 862°€00°961 | 851'292'26): 202'266°0L) | ¥81'226'99) | 149'220'19) | 086'ELE'95) | SvI'¥r0'LS) | 862'609'681 3503 je10 )
101'554'%S | JOL'SSH'YS | JOM'SSH'PS | LOL'SSL'YS | JOM'SSI'YS | LOL'SSH'YS | 10K'SSH'YS | 101'SSL'PS | L0L'SSE'YS | L0L'SSE'YS ::.m,w,v.ws. 10L'SSL'PS | LOL'SSL'YS | POL'SSH'YS | LOL'SSL'PS | LOL'GSL'PS | LOL'SGL'YS 30IMAG 198
SLY'08Z'1S | 982'/€9'4Y | 996°991'vY | £V2'VER'0F | GZ6'299'LE | 9BE'9Y'YE | 619'LEE'IE | 026'202'82 | LL6'S8E'9Z | £60'0L5'€2 ‘ 6v2'664°L1 | 99€'629'G) | 682'658'P) | OME'PEL'Z) | 200'€EZ'LL | 698'C0v'S | bl9'00L'L |esodsi(] ajsepm passedAg
98€'620°82 | L22'\ev'4T | TS'BLL'9T | 026'05L'9Z | L00'BES'SZ | 09v'6E6've | Zv6'vSe've | £21'v8L'Se | 289'92z'sT | 1082897 8E1'629'02 | 9E6'SH1'0Z | §9L'649'61 | 199'242'6Y | S9E'294'8) | 2ea'zzE'el | S8)'ee8'AL \uawobeuep ysy anpisay |ejoy]
807'/28'981 | 195'848° 1€ | 8E0'925'97) | 686'8EY' 12k | PPI'OL6'IL) | ZI8'0LPZL) | 5B6'289'L0) [ 865'9G1'C0L | £20'2LL'66 26v'106°E8 | 008'69¥'08 | 62G'ZvE'8L | 665'S26'v. | £16'€9L'2 | £95'291'68 | 8€8'098'6S doueuajuiey B uoyesdo el
51502 |e10]]
009528 009'62% 009'628 009528 009528 009625 009'628 009528 009'625 009'628 009's2S 009'528 009'526 009'528 009'528 009'62§ 009625 {4m) petesauag) Abisug
008292 008292 008'292 008292 008282 008'292 008'292 008292 008'792 008292 008'292 008292 008292 008292 008'292 008'292 008292 afieuuo) ysy anpisay
7v6'6LY 19595 Lhy'eey 85E0LY 245188 180598 9p1°8¢ee S29'LIE 9y5'862 [5:]8244 991922 088'€02 2ry'864 981'y.1 968461 6/8'vEL LOHELL passedig abeuuo) |
00Z'150'L | 002'10'h | 002'LSO°L | 002'LS0'L | 00Z'kS0's | 002'KS0'k | 002'L50'h | 002'L50'% 002'150's | 002'150'k | 002'sS0'L | 002'1§0°b | 002'150'h | 00Z'160'h | 002'hs0't | 002150') passad0ly abeuuoy|
PRVLISSL | LpLA08'V | Lv9'VK'Y | 8SG'LOV'L | ZiL'eer't | 8T'O') | ove'ese’l | Sz8'7oey 98Z'vee't, Mmm.&m__‘ 8y6'662'F | 189'642') | 9v6'LLT') | 060'GGZ'Y | Ty9'BRE't | 98€'9TZ') | 8€S°907'L | 620'081') LOE'P9L'Y lesodsiq Buuinbay abeuuo|
. seBeuuo |
979418 B0°ELLS 66018 09'901L$ 05'e01$ 050018 85°76% 71968 ] m,w ) 78'98% | 66583 05288 11618 80'9/% 90'vL$ 68'1L3 0£°0L8 16148 18898 {uminvg) 9dud Abisug
G8'901% FE'70L$ 06'101$ 16663 81°26% 06768 19268 05°06% 50y 62183 1£28% 8£°08% 05'8.$ 99'9/8 98pi$ HeLs 6£'1L$ 21698 60°89% JusuiaBieusyy ajsepm passegAg Jun)
§8'901$ FEP0LS 06'10L$ 16663 81263 06763 19°26% 05°06% 8€'883 1£°98% 62788 1£°288 827088 05'8/$ 99'94$ 98§ 1els 62148 24698 60'89% juswaBeue}y ysy anpisay Jun|
9¢'68% 12488 22688 £2°¢8% 2188 18648 16248 69'6/$ 26648 6128 60°048 #8'89% £2'498 §9'69 11998 19'29% y1'19% 12'668 1£'868 66'95$ goueusuie B uojesado Jun
5509 Jjun)
G802 $£02 ££02 2€02 1£02 0202 6202 8202 2202 9202 6202 202 £20 2202 1202 0202 6102 8102 1102 8102 HV3A
passedig uojsed  00'05% ewabeuep s)sepm passedig
anpisay uojsad (0G5S juswabeue ysy anpisey
passac0Ig uojsed  00'9¥$ 1800 W30 N
uoyumy 008 uonesauag) ABrsug
%0°6Z USY anpisay JUsdIS
Jeak sad suoy (0Z'LS0°t Ayoede) Auoe Buels

SORIL3IN L002

pu3 yBIH - SLSOD ONITOADAY TYWHIHL GIINVAQY

9 abed -G HAIYx3



15218 u0} 1ad anjep Juasaid JaN [ejoL
760°007°9€1°1$ dN[eA Juasaid JaN [ejol

SOn[eA Juasald 18N Aay
ovsss | cv9ss | wiveS | 1gTes | 10088 | RS | U698 | zui$ | evels | esuS Ghosh | zoues | uwses | eeees | eszes | ub198 | cuess | 6e'wss | Louss | uo} Jad 3503 [enuuy 1aN (2101
b62'vvr'se18Ler'0re0ess L5196 5218 [269'985 018 [680°986'5 113 {2E1 6351 118186566001 ${260°90 2018 871561 66 | 95960156 FT0RIGERZY | 12678E 688 | 00S'8BY'SGS | SLS699'CS | ZLS'ROE0SS | VEOECH'SLS | HLE'BBELS | 69L9BIZLS | 890'VST'69 | 960GV IS | 1500 [enuUy JaN [e10 L
620265’ | 6207765') | 620765’ | 620266’ | 6207265’y | 620266t | 620265 | 620263 | 6202660 1, 6202651 620'265') | 620265, | 620265t | 620265 | 620°76G't | 6207768’} | 62076G'h | 620265t | 620265 soa5 1090
29.°758°6E) [ 851'91.°821 | 22v'SLL'ET | €99'PBB'BLL | bSO'V6E VL) [ €01'296'60L | 2S6'OPE'S0L | PO0'YL6'00L | 641'E09'L LS'E6 | 26T9S'L8 | 11v'9BA'ER | 14540078 | €v5'0LL'8L | SO9'S'SL | 28296262 | VWLVESOL | 610'659'2S | £80'098YY auRUBIUIE 8 UOEIRdO) 210
§1500 JE10
80/'862'1 | 0v¥'/59'6L | 098'69)'81 | 960'62L'9L | WEE'VZE'SL | 8Iv'VE0'YL | 0C'SELZH | SES'BET'LE | Zv0'PGHOL 8BE'POE'? | 969'19'L | 02e'Tib'e | 0Ze'0vE's | 69986y | bbl6/ZE | 08v6E7 | 146609t | 021668 | 8i698C Senusnay 91 EIoL
0911967 | 008°068'7 | Ovb'v6L7 | 0808697 | 0962657 | OvEUBKZ | 0zL788T | 0092i27 | 0u89MT 089'606°y | 09209/, | 080'c08L | 088'zzv't | Op2'S0E’L | 02620’ | 09v's6. | 08€'ISS | 09S'hZz | 02i'S0L | (MLBWA) PIOS PuE paiosiieg o1 o]
we [ 6i€ 80€ 962 [ uz 09z e 8IZ Wz €8} €9} 6vl i 16 £9 e ! (wnLENI) uotesauan T
veVIES') | rsos't | Jv9vey's | 83S'LOv'L | 2uu'96v') | Zez9ly’L | ove'GBE’L | See'zoe') | oyu'bwe’) | 98ebE’) | See'vac’l | eve'eee’t | 159'GL2) | 9vGLITL | OSO'SETL | eva'eve | 98€'See | 869'90ZL | 640°98K'F | L0 lesodsq Buynbay sbeuuoy
. sabeuuoy|
LS 089§ 0598 0798 1658 ¥9'5$ L£68 LS s8v8 1978 8eYS [0 00%$ 198 668 0zss 008 1628 60€S €128 (nLEWNS) 23ud O
w88 | i€88 | (o685 | zvi8s 1668 | vous | egess | GowiS | lew$ | zo0u§ | 95998 | Se/98 | (2998 | eeves | erees | seles | zeess | wwess | bouSs 1558 aaueuB|ulEl § Uonesedo Jun
S1s00 hun
§€02 P£0Z £€02 2802 1£02 0£02 6202 8202 1202 9202 6202 $202 £20C 2202 1202 0202 6102 8102 L1102 9102 dV3A
passasoid uojiad  QO'GHS 1500 WeO NuUn
seak sod suo 00Z'1S0'L Awoedes Aioe4 Bupers
SOIMLIN 2002

puz mo7 - S1S00 L¥0dXd 3LSYM

L3bed |-G Jqiux3




S1'LpS uoj sad anjep Jussaid JeN [ejol
£0£°29¥°092'1$ anjeA Juasald JaN [ejo
san[eA Juasaid 19N Asy
| ziees | 16568 | tuees | so've$ | oress | oviss | OySss | pvess | s5uss | 29[S W | eews | 1eus | oss | eeess | oLu98 | te9ss | auves | ozess | uo} Jad 1503 fenuuy 1N €10}

oze'L1e'018[p0z'219%p1s |Voc'ozh 6618 L2e 80861 §{£65'069'8216 66924 L'E2HS [B6H Yvo'RI1$ 99281 51 1 606650041 §[E0S 00550

s| 289'585'a68

| oes'oreves | c0s'682'26¢ | 658'v50°68 | 952'889'088 | 868°2E0'ERS | 059'00'08S | £LL'89L'0LS | 0L1'889°CLS | 150D [enuuy 13N [e30

620'265', | 620765’ | 620265’ | 620266's | 620'265) | 620'76G') | 620°265') | 620'265') | 620266 i}, 620265') | 6e0izBGpF] 620265’} | 620'265't | 620'26S') | 6207265') | 620'265') | 620°26G | 620°76G' | 620265t | 620265t o5 193]
162'S2Bp1 | 941°020'SYY | 206°82S'LE) | 262912261 | $0S'0L 421 [ 019'58Y'ZE) | 691'2S0'LHh | 62921 '2h1 | 016'LvH'R0 859'CL2'16 | LOE'RIT'CH | v/Z'461L6 | 928'79r'L8 | 822'90'58 | 698°0vb18 | 109'6EV'8L | 989'0LL'SL | bpL'980'2L 2oueuauIE g uOjesado (el
S§s0) (B30

90/'96202 | OvY'259'6) | 098'691'8) | 960°82.'9) | PEE'VRE'SH | 84v'1e0'Yt | 9025622k | 98S'9EQ'L) | ZO'vEVDL 865'Y9C'e | 869'159°L | 02€'21y'9 | 026'0vC'S | 659'8BE" | prL6LZE | 08Y'16ET | 126'509') | 0zi'6E8 | 8/6'982 sanuarey 941 1o ]
0972867 | 008'068' | Ovp'vs2 | 080°869'7 | 096'265' | Ove's8r'z | Ozs'z8E? | 009'2s2T | OzL't9rE 089'606" | 092'092'4 | 080’609t | 08g'z2v’L | Ovz'S0S'y | 026'%20't | 091464 | 088'1S5 | 095'hz_ | 021'S0L | {NLEWW) PIoS pue paoajed 047 felol]
We oge 6IE 80¢ 962 ¥82 uz 092 i 81 102 el €9} Bt i 16 €9 [ 2 (Yn.LWN) uosesauag o7
pVLES' | bri0g) | ivo'ver's | essiov'h | Zuu9ev’ | 8T'0iv') | ove'eRs’t | See'zof’l | Ovu'ewet | 992'We’) | SCe'vEE't | 8vB'SAZt | 1S9'SLZ) | 9v6'A/Z | OBO'SSTh | Zv9'6hZL | 986522t | 8eG'R0Zt | 620°98K') | LOEbOLL lesodsiq Buunbay abeuuo|
sabeuuo}

Lis 089 0598 0298 15'5$ 95§ 1£65 LL'SS 589§ 19%% 848 [0 008 1968 £ 0zes 00'e$ 1678 60es | €428 (nLewws) 2oud 941
£146$ 98'06% £9768 9v'068 beReS | sz98S | Scvss | 8rees | Ge0ss | ovel$ 2998 | 8pis 8068 %128 69695 90°89§ 9v'99% 06795 8E'698 06198 aoueuB|uieyy g uoniesadg Jun
sisog

S€02 €02 £€02 2602 €02 0€02 6202 8202 1202 9202 §202 $202 £20C [44114 1202 0207 6102 8102 102 9102 yv3A
passadoid uoyiad - 00°06$ 1500 W30 U

1294 Jad suo} 00Z'160'L Ayede) Apoe Bunielg

SORILIN 2002

pu3 ybIH - SLSOD LHOdXT ILSYM

8 abed |-G] Nqiux3




Section 16
SUMMARY OF PRINCIPAL FINDINGS

This section presents R. W. Beck’s principal findings and opinions regarding the
comparative evaluation of Waste Export and Conversion Technologies disposal
options. The bases of these findings are discussed in the various sections of this
report. For a complete understanding of the findings and their bases, the report should
be read in its entirety.

1.

The quantity of solid waste the County will be required to dispose of is projected
to increase from approximately 1,164,000 TPY in 2016 to 1,555,000 TPY in
2036 under the base case assumption that the recycling rate in the County
increases at an average annual rate of 0.3%. This ¥epresents an increase of
approximately 34 percent in waste disposal du study period.

Fourteen different solid waste Conversio were identified that are
currently being discussed in the ma; . , categorized these as
either Thermal Technologies or Technologies, as
follows: '

Thermal Technologies:

Pyrolys1s

Biological and Chemical Technologies:

Anaerobic Digestion

Waste-to-Ethanol

Aerobic Digestion/Municipal Solid Waste Composting
Thermal Deploymerization/Plastics to Oil

Steam Classification/Autoclave

Catalytic Cracking

001640 | 11-01056-10004 | 6/8/2007




Section 16

3. Only three of the 14 Conversion Technologies meet the County’s criteria of
previously demonstrated capability of the technology over a minimum three-year
period to process the quantities and composition of the solid waste the County is
currently disposing of at the Cedar Hills Regional Landfill. These three proven
Conversion Technologies are:

Mass Burm Waste-to-Energy — Field Erected
Refuse-Derived Fuel Waste-to-Energy (RDF)
Advanced Thermal Recycling

4. Of the remaining 11 Conversion Technologies, the County should continue to
monitor the progress of the following technologies:

Gasification

Plasma Arc
Anaerobic Digestion
Waste-to-Ethanol

Steam Classification/Auto Clave

availability rates:
Mass Burmn Waste-to-
RDF Waste-to
Advanced The

Findings 6 through ¢ O o County at some future time decide to
proceed with impl. ] ] ion Facility:

6. Based on (a) th »of County waste, (b) the County’s assumed
increase in the 1 g of 0.3 percent per year, (c) the assumed annual
availability of a n Facility, and (d) seasonal fluctuations in the
generation of solid waste, a Conversion Facility sized at approximately
3,200 TPD would meet most of the County’s waste disposal requirements in
2016.

7. Designing a 3,200 TPD Conversion Facility with four processing units of
800 TPD per unit would provide required redundancy and operational flexibility.

8. Due to economies of scale, a single Conversion Facility of 3,200 TPD would be
the most economic option in terms of lower unit capital costs and operation and
maintenance expenses.

9. Due to the potential challenges associated with finding multiple sites for
Conversion Facilities, a single facility would be less complicated to site and
permit.

16-2 R. W. Beck 001640 | 11-01056-10004 | 6/8/2007
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

It is possible that one planned transfer station could be replaced by a Conversion
Facility. This could offset approximately 10 percent of the capital cost of the
Conversion Facility.

The County will need access to backup landfill disposal capacity for the disposal
of bypass waste and residue ash.

We estimate that the County should expect that anywhere from 5 to 9 percent of
the solid waste will not be able to be processed at a Conversion Facility and will
have to be landfilled. ‘

A Conversion Facility can be expected to reduce the volume of incoming solid
waste by 90 percent. The weight of the remaining residue ash can be expected to
be equal to 20 to 25 percent of the weight of the incoming solid waste.

Residue ash from Conversion Facilities in the Unit
the permit requirements for disposal in sanitary I

sStates has consistently met

The residue ash from the Conversion Fac
always met the permit requirements
Department of Ecology (DOE).
permission from DOE to modify the*
Incinerator Ash” to “Solid Waste.” T
find either some possible i
means of disposal.

okane, Washington has
he Washington State

esignation increases the potential to
the residue ash or an alternative

‘The County wou dd posal capacity after the initial

version Facility to keep up with
waste under the base case assumption for
the addition of disposal capacity would
e growth in the County’s recycling program.

ific items targeted by the County, the County could
gram to 60 percent without having an adverse impact
rocessing and energy generation capability of a Conversion

If the County increased the level of recycling to 70 percent, our analysis
indicates that the complete processing capacity of a 3,200 TPD facility would
not be fully utilized and the energy production capability could be impacted
depending upon the components of the waste stream that are targeted by the
County for recycling. The County would have the option to accept waste from
other jurisdictions to make full use of the processing capacity of the Conversion
Facility or decide to construct a smaller facility that would be compatible with
the increased level of recycling.

For all the disposal options, it is possible to design, construct, and operate
facilities that are capable of meeting permit requirements for all criteria and air
toxic pollutant emissions.
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20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Criteria pollutant emissions are expected to be higher for the Conversion
Technologies than the Waste Export Disposal Option.

Volatile organic compound emissions from landfills are higher than the
Conversion Technologies.

Air toxic emissions are significantly higher for the Waste Export Disposal
Option than the Conversion Technologies due to fugitive landfill gas that is
unavoidable even for the most optimally operated landfills.

Based on the assumptions used in the net emission analysis, the Waste Export
Disposal Option is calculated to produce lower greenhouse gas emissions than
the Conversion Technologies.

A Conversion Facility would require a similar infrastructure support system of
transfer stations and transfer fleet as would be required for the Waste Export
Disposal Option.

The construction of a Conversion Fac111ty 1s a capital-ig e project that can
( in 2007 dollars,
Conversion
Facilities have not been constructed in the Unit 10 years,

there is very little reliable cost information for

for the Waste Export
Disposal Option is expected to cost app: million to $20 million in
2007 dollars. ’

W
The operating and mainten 'S1on Facility are estimated

in 2007 dollars, depending upon

The operating naink _ “of the Waste Export Disposal Option
are estimate $50 per ton in 2007 dollars.
The Conversior i estimated to be capable of generating between

500 kWh to 550 kKW

icity per ton of waste processed. Based upon the
projected price of sé

, the Conversion Facilities are calculated to be able

to generate between $2rmlhon to $32 million in electricity revenues in 2016.

While the Waste Export Disposal Option is estimated to be capable of generating
an increasing quantity of landfill gas that can be used to generate electricity each
year from 2016 to 2036, it is unclear whether the County will directly benefit
financially from the generation of electricity through the combustion of landfill
gas.

The County will incur significant costs in the planning and implementation of
any of the disposal alternatives. We estimate that the legal, engineering, and
County staff costs to site and permit a Conversion Facility could range, at a
minimum, from $2.1 million to $3.2 million in 2007 dollars. We estimate the
same costs to site and permit an intermodal facility could range, at a minimum,
from $800,000 to $1.8 million in 2007 dollars.
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32.

After considering the annual operating and maintenance costs, the annual debt
service payments on the capital cost, and the annual revenues from the sale of
electricity for each of the disposal options, we have calculated the estimated net
present value cost of disposal of the four disposal options over the study period
as shown in Table 16-1.

Table 16-1
Summary Comparative Cost Analysis

Average Net Present Value
Cost

__PerTon

(2016 - 2035)

" Total Net
Disposal Option Present Value Cost
(2016 — 2035)

Mass Burn $1.12 to $1.41 Bilfio $41 to $54
RDF il ] $58 to $69
Advanced Thermal Recycling $1.45 to $1.4 $53 to $65
Waste Export $1.1410 % $42 to $47
This analysis does not includeZeonsi the following potential additional
sources of revenue for the t iot
a. Sale of recovergd
b. Sale ofre
c. Saleofo s from advanced thermal recycling
33. nning estimates presented in the comparative
ted net value of disposal for the four options over the
dugh that it would be difficult to eliminate any of the
is time based solely on cost
34, ycle cost analysis over the normal 50-year expected life of the

Conversion Egcilities, coupled with a thorough evaluation of project risks, would
be needed to support a decision-making process for disposal options.
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Appendix A
OVERVIEW OF COUNTY’S CURRENT
RECYCLING PROGRAM

Programs in Place

King County has numerous programs in place to divert and recycle specific materials
from the waste stream. County programs serve the residents of the unincorporated
areas of the County as well as 37 of the 39 cities, excluding Seattle and Milton. These

programs include:

Residential Curbside Recycling. Curbside
provided at no additional charge by private cq;

ing service typically is
ompanies along with their

art of their MSW
collection contracts, while others are §i ified by the state-
regulated MSW hauling certification nincorporated areas are each
served by the provider specifiédiby the state-regulated MSW hauling certification

cycling/documents/Curbside recycling guide.pdf

ultifamily recycling service is typically provided at no
ate collection companies along with their fee-based
According to a 2005 telephone survey,' 90 percent of
multifami s indicated that they have recycling services available at their
complex. The basic recyclable materials accepted in curbside programs include:
newspaper, mixed paper, cardboard, glass bottles and jars, aluminum and tin cans,
and PETE and HDPE bottles. Residents are encouraged to inquire with their
property manager if their complex lacks recycling services, since residents cannot
“sign up” for recycling services on their own.

Commercial Recycling. Businesses in the County that choose to recycle may
subscribe for recycling services from private haulers. There are no regulations
that require businesses to recycle. A few cities provide city-contracted recycling
services, bundled with their MSW collection services, to businesses within their

" Source: “Residential Waste Reduction and Recycling Survey 2005: Survey of King County
Households,” prepared by Informa Research Services, April 2005.

001640 | 11-01056-10004 | 6/8/2007

RWRECK



Appendix A

communities. Businesses may choose to use the city service at no additional
charge or use a private recycler or hauler. Businesses sometimes choose to
recycle only those materials that they generate in quantities large enough (i.e.,
cardboard or office paper) to reduce their garbage volume and, consequently,
lower their garbage collection bill. Several cities provide technical assistance and
other services to encourage businesses to recycle. The County’s website provides
extensive information and assistance to businesses regarding recycling.

®  Drop-Box Recycling at the Transfer Stations. The County has recycling drop-
boxes located at seven transfer stations:

m  Bow Lake m  Renton

m  Cedar Falls m  Skyhomish

m  Enumclaw m  Vashon Island

m  Houghton m  1*NE (currently closed£
renovation)

The drop-boxes are for residential and business use. T accepted for free

waste paper,

textiles (clothing, linens, shoes, etc.) for recyclin:

A few transfer stations also accept appli; d, and yard waste for a

recycling collection events
collection services. Ma

wood, scrap metal, applia
and reusable ho
County, outsid; tial collection events are usually held
during the spr s from 9 a.m. to 3 p.m. Business recycling

not be Collected through regular
ed at these events include: tires,
uters and other electronic goods,

park-and-ride lot. Locations, materials and hours

of operation may changegfrom year to year.

m  Construction Recycling. The County promotes recycling at construction/
deconstruction job sites and encourages contractors to consider keeping
construction, demolition and land-clearing (CDL) debris separate from garbage.
There are many options within the County for recycling clean wood, metals,
concrete, asphalt, and natural vegetation. The County’s website provides a great
deal of information for CDL generators, including a Construction Recycling
Directory.

m  Hazardous Waste Management. The Local Hazardous Waste Management
Program in King County offers two options for residents to properly dispose of
household hazardous waste (HHW):
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OVERVIEW OF COUNTY’S CURRENT RECYCLING PROGRAM

m  The Wastemobile - a mobile collection service that travels throughout the
County from approximately March through October and provides a
convenient disposal option for residents.

m  Fixed Site Drop-Off Service - three permanent collection facilities, open
year-round: one at the Factoria Transfer Station in Bellevue, one located at
Seattle’s South Transfer Station, and another facility location in North Seattle
(which operates by appointment only).

The County encourages residents and businesses to divert as much waste from
disposal as possible. Its website provides recycling information and alternative
disposal options for nearly 30 different types of materials, including certain more
difficult-to-recycle materials such as appliances, pallets, propane tanks, and ink jet
cartridges. Specific programs also are in place to target specific “problem” materials
such as:

® - Electronics. Since October 1, 2005, the County
(including laptops) or televisions in the garba

Tonger accepts computers
nat its solid waste disposal

it Back Network, a “partnership be ies, retailers, repair
shops, charitable organizations and s consumers with
options for recycling certain wé hazardous components — in a safe
and cost effective manner.”

B Fluorescent lamps
facilities in Oct
bring these ligh

1t bulbs and tubes. Residents may
t no charge or to a “Take It Back Network”
and bulbs. Businesses must meet state and

ty provides a great deal of information on its website,
nt lamp recyclers.

] mercial food waste. Currently, about 60 percent of all
single-fami} ge customers in King County, outside of Seattle, are able to
divert food and soiled paper with their yard waste set out for curbside

collection. Commercial generators are encouraged to find a hauler that provides
composting service for food waste as well as proper disposal service for
commercially generated fats, oil, and grease.

Types and Quantities of Material Recycled

Table A-1 lists the quantities of recyclable material reported by the County to have
been collected in King County (excluding the cities of Seattle and Milton) from 2000
through 2004. The quantities include residential (curbside and drop-off) tons as well
as commercial tons.
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Table A-1
Historical Quantities (in Tons) of Recyclable Materials
Collected and Processed in King County

Percent
of Total
2000 2001 2002 2003 2004 (2004)

Aluminum Cans 6,257 3,029 1,896 4,463 3,534 0.52%
Tin Cans 12,534 1,574 1,504 2,296 2,857 0.42%
occ 105,164 102,431 100,293 140,460 130,760 19.18%
High Grade Paper 14,521 17,934 13,072 16,234 18,043 2.65%
Mixed Paper 89,372 54,442 62,751 79,036 82,842 12.15%
Newspaper 71,917 26,910 49,914 91,676 81,268 11.92%
71,292 0.19%

HDPE 1,079 666 1,446 20

PETE 994 512 1,217 1 . 1,999 0.29%
LDPE 3,052 4,324 5,701 _ 0.57%
Other Plastic 2,026 1,520 76 0.44%
Container Glass 17,757 19,590 24,5037  3.59%
Food Waste 20,753 13,221 32,900 4.83%
Yard Waste 229,267 114,102 222,701 3267%

Ferrous Metals 42,828
Nonferrous Metals 8,876

Mixed Tin, Alum., 1,425
Plastic, Glass (from
King County
transfer stations
drop-off sites)

53,979 7.92%
16,733 2.45%

1,325 0.19%

Totals: - 18,326 513,368 645,199 681,605

OCC = old corrugated cardboard; HDPE hylene; PETE = polyethylene terephthalate; LDPE = low density polyethylene

Source: King County Solid Waste Division. exclude the Cities of Seattle and Milton.

Data from 2005 were not available at the time of the preparation of this report.
However, the County estimates the overall recycling rate in King County for 2005 was
approximately 43.8 percent.” The overall quantity of materials recycled per capita is
estimated to be 3.07 pounds per person per day, based on the 2004 estimate of 681,605
tons of material recycled and a population estimate of 1,214,900.>

When the quantity of material that was recycled in the 2000 to 2004 time period is
combined with the total quantity of waste that was disposed of at the Cedar Hills

2 Source: “Solid Waste Transfer and Waste Export System Plan,” September 2006. This recycling rate
is a combined residential and non-residential rate.

* Source: “2004 Solid Waste Division Annual Report,” King County Department of Natural Resources
and Parks.
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Regional Landfill, it is possible to develop an estimate of the total amount of waste
that was generated and what percentage of that waste was recycled each year, as
presented in Table A-2.

Table A-2
Estimated Total Waste Generation and Recycling Rates
(Thousands of Tons)

2000 2001 2002 2003 2004
Tons of Waste Disposed of .
at Cedar Hills Landfill 974 936 939 965 991
Tons of Recycled Material @ 628 418 513 645 682
Total Waste Generated 1,602 1,354 1,610 1,673
Estimated Recycling
40.1 40.7

Rate (%) 39.2 31.0

(1) Source: County staff.
(2) Source: Table 6-1. )
(3) Equat to “Tons of Recycled Material” divided by “Total Waste Gene

The County’s recycling rate continues to in each year and remains above the

national average of 32 percent.*

- * Source: “Municipal Solid Waste in the United States: 2005 Facts and Figures,” U.S. Environmental
Protection Agency, 2006. http://www.epa.gov/msw/pubs/ex-sum05.pdf
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Appendix B
BACKGROUND INFORMATION ON
SPOKANE WTE FACILITY

The Spokane Regional Waste-to-Energy Facility is the only such facility operating
today in Washington State and under the same general regulations that would apply to
a potential King County waste-to-energy (WTE) facility. We believe it is valuable for
the County to consider many of the lessons leared and developments realized at the
Spokane facility.

The Spokane Regional Solid Waste System (the “Spokane System”) was established
between Spokane County and the City of Spokane, Washigton in 1988. Since then,
12 regional cities and towns as well as Fairchild ce Base have joined the
Spokane System. The Spokane System’s mass b cility began operations in
September 1991. Wheelabrator Spokane, 1 ility, under contract to
the Spokane System. '

The following discussion focuses specitig¢ally . g and residue ash

In 2005, the Spokas i 77,196 tons of waste and recycled
approximately 3.69 __ ) delivered to the Spokane System.

Table B-1 : I ' tgtials recovered from the Spokane WTE facility,
in tons and obithe total tons of waste processed.

Table B-1

3 erlals Recovered from the Spokane WTE Facility (in Tons)
2001-2005
Ferrous White Goods MSW Tons
Metals Recovered from Processed
Recovered the Receiving Total Tons at WTE Percent

Year from the Ash Floor Recovered Facility Recovered
2005 8,491 1,751 10,242 277,196 3.69%
2004 8,955 1,066 10,021 279,310 3.59%
2003 10,416 1,098 11,514 266,004 4.33%
2002 12,394 1,034 13,428 274,506 4.89%
2001 10,337 971 11,308 268,390 4.21%

RWRECK

001640 | 11-01056-10004 | 6/8/2007



Appendix B

The recovered materials from the facility are brokered through local metals recyclers.
The Spokane System reports that it has not had any difficulty in marketing the ferrous
metals recovered from the ash. In 2006, approximately $15.00 per ton was received
from the sale of recovered ferrous metals. The revenue is split 50/50 between the
Spokane System and Wheelabrator Spokane, Inc., the operator of the facility.

The appliances (white goods) are diverted prior to incineration and marketed
separately to a scrap metal processor. Revenue amounts from the sale of the Spokane
System’s white goods were not made available. However, current market pricing
(national average) for white goods is $54 per ton.'

Relationships between Recycling and Waste Combustion at
Spokane

In addition to the on-site recycling of recovered materials at pokane WTE
facility, off-site recycling (curbside, drop-off, commercial) cane and nearby
communities has increased at a steady rate since the Spokan facility went on-
line in 1991. Table B-2 shows the percent of the Spo S generated waste
that was recycled beginning in 1990.

Table B-2 -
Spokane Regional Solid Waste
Recycling Ra

Quantities Recycle

Year (Tons) g ercent Recycled
1990 28%
1991 31%
1992 51,135 : 32%
1993 522,590 39%
1994 530,058 40%
1995 503,425 42%
1996 2 : 499,603 40%
1997 197,069 494,561 40%
1998 225,170 521,580 43%
1999 220,735 529,238 42%
2000 213,833 532,684 40%
2001 211,364 512,731 41%
2002 188,509 524,530 36%
2003 244240 553,964 44%
2004 248,489 562,335 44%
2005 253,213 592,519 43%

' Source: Secondary Materials Pricing on WasteNews.com.
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Spokane is an example of compatibility between recycling and WTE. The Spokane
System’s website reports that recycling generally increases the efficiency of the WTE
plant.

For example, the removal of metals and glass:

m  increases the Btu value per ton of remaining garbage by approximately 10
percent;

®  reduces abrasion in the furnace; and
m  reduces the weight of the ash.

In addition, removing yard waste from disposal increases the efficiency of the plant.
Because fresh leaves and grass have a high moisture content, which reduces Btu
values, the Spokane System promotes composting as a higher and better use for yard
waste.

The Spokane System also promotes the recyclin
paper from the garbage does lower the Btu value.
the Btu value and is offset by the benefits gaine

per even though removing
ss is only 1 to 2 percent of

Spokane hopes to increase its recycling lans to expand the
recycling of construction, demolition and 1z d

Since the facility
produced by the fa
been managed

in November 1991, the residue
tion of municipal solid waste (MSW) has
ursuant to Chapter 70.138 RCW and WAC

ity has two Babcock & Wilcox furnace-boiler units with Von
Roll grates, eachi d at 400 TPD, a Bailey distributed control system, a single
26-MW Turbodyne turbine-generator unit, and six 250-hp element air-cooled
condensers. The air emissions control system for each unit consists of the following:
Thermal DeNOx System converted to a Urea to Ammonia (U2A) gas injection system,
spray dryer/absorber, powdered activated carbon injection, pulse jet baghouse with
Gore-Tex bags at a 4:1 air-to-cloth ratio.

The residue system consists of the following elements. Bottom ash is discharged from
each furnace-boiler unit’s ram expeller onto a single flat pan vibrating conveyor. The
flat pan conveyor spreads out the slugs of material to a single-layer stream. ‘At the end
of the flat pan conveyor, but prior to discharging onto the belt conveyor, a bar can be
placed diagonally to divert the bottom ash into a container. Typically, a large belt
conveyor transports the bottom ash and treated fly ash to a vibrating grizzly separator
designed to separate 10-inch plus items to the metal processing area. The underflow
material is dropped onto another vibrating pan conveyor. Prior to dropping into the
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chute, the bottom ash is passed under a rotating magnet to extract smaller ferrous
metal.

Fly ash residue from the economizers, two spray dryer/absorbers, and 12 baghouse
modules is conveyed via enclosed drag chain conveyors into one of two
redundant transfer conveyors. The transfer conveyors move the fly ash into one of
two surge bins. Each surge bin conveys the fly ash into a pug mill via a screw
conveyor. Depending on the level in the surge bin, the screw conveyor and pug mill
with stainless steel paddles have single- and double-speed controls. Appropriate
quantities of water and phosphoric acid are added to control dust and treat the fly ash
via the WES-PHix process. The pug mill discharges the treated fly ash onto the belt
conveyor transporting the bottom ash. Both the bottom ash vibrating pan conveyor
and the fly ash drag conveyors were extended to accommodate a third unit, thereby
allowing continuous operation during construction of a third unit. The vibrating pan
conveyor transports the combined residue to a chute that discharges into a waiting
intermodal container. Generally, the intermodal containers eac d 25 to 30 tons
and 8 to 10 containers are filled in a 24-hour period. All cont -

emissions. The containers are custom designed fo
capacity, Teflon-lined, top-hinged, double-sealed end

fully loaded.
Bottom ash, fly ash/absorber residue, and ¢ re sampled each quarter
by collecting two eight-hour comp031te s ok, ste stream on seven

consecutlve days Each of these ¢
m, copper, nickel, zinc,
e per year, a quarterly composite
he results of the quarterly testing
are submitted to the
System has teste ; rom the facility each quarter for the past 15
years. :

Regional Disposal Compa ) until 2016 to provide for the transportation and
disposal of facility residue, €esiain bypass, and non-processible waste at the Roosevelt
Regional Landfill. This contract is in effect until 2011 with the option to extend it for
five additional years. RDC owns and operates the Roosevelt Regional Landfill, which
is located approximately 250 miles southwest of Spokane County in Klickitat County,
Washington.

The Roosevelt Regional Landfill has been permitted for the acceptance and disposal of
the facility’s residue in compliance with state regulations. Excess MSW and residue
from the facility is currently being disposed at the Roosevelt Regional Landfill. A
special permit was issued in compliance with the provisions of the state’s Special
Incinerator Ash Residue Act (RCW 70.138). Permit conditions included construction
of a residue monofill, maximum daily receipt of 280 tons, and maximum yearly
quantities of 102,200 tons.
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The containers are trucked to the Burlington Northern Yardley Intermodal Facility,
loaded onto trains, and sent by rail to the Roosevelt Regional Landfill. RDC has
provided uninterrupted service to the Spokane WTE facility. The facility has not had
to curtail the receipt of solid waste due to a lack of residue service. When RDC
experiences problems with rail service due to an uncontrollable derailment and/or
increased freight demands, separate truck transport is implemented to maintain quality
service.

Residue Testing Results'

Review of the test data from the facility on combined residue samples collected over
the past eight calendar quarters indicated that only two metals, cadmium and lead, are
commonly detected by the Toxicity Characteristic Leaching Procedure (TCLP) test at
levels requiring additional statistical evaluation. Other metals, including barium,
mercury, and selenium, were occasionally detected a ear the method detection
limits; however, these levels were typically one to ers of magnitude below the
maximum allowable limits, so a statistical anal vels was not required.

The testing found detectable levels of
hydrocarbons) of concern for designati i ranging from 25 to 43
ug/kg. Summing the known concentratio
with WAC 173-303-100 (6)(
approximately 1/100,000th of

entration was 126 ug/kg, or
erous Waste Table designation

In accord th ), and in consultation with DOE, the Spokane
System : tests and analyses over the past year to determine
whether i pecial Incinerator Ash, or if it can be managed as a

from the facil Waste. In December 2006, the Spokane System submitted
extensive resid esting data to DOE for review, and on March 20, 2007, DOE
concurred that the facility residue is a Solid Waste. ‘

Because the residue produced by the facility is not Special Incinerator Ash, the
Spokane System intends to manage it as a Solid Waste. Specific proposed activities
include the following:

1. Co-dispose of the residue with other solid waste at the Roosevelt Regional
Landfill, rather than in the separate monofill;

2. Discontinue separate lab testing of fly ash and bottom ash and reduce the
testing frequency of the combined residue;

3. Pursue recycling opportunities for the bottom ash, fly ash, and combined
residue; and
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4. Discontinue other management activities which were only required because the
combined residue was unclassified and managed as Special Incinerator Ash.

The future enhancements of the facility’s residue processing system may be able to
extract nonferrous metals and further process material for reuse. The Spokane System
is exploring the use of the combined residue as an alternative daily cover for a MSW
landfill and as a component in a remanufactured and marketable material. The
Spokane Regional Health District would also monitor reuse of the residue from the
facility.

The City of Spokane initially acquired the Malloy Prairie Landfill site in west Spokane
County for a future residue monofill. Long-haul disposal options were developed as
alternatives to developing the Malloy Prairie site. An environmental siting analysis
was completed before site acquisition, but applications for permits have not been filed.
The Spokane System could re-evaluate the development of the Malloy Prairie site for
use as a residue landfill. This would eliminate the need for ng the residue
around 250 miles to Klickitat County, and would reduce the prof associated with
the availability of rail cars.
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Appendix C
PRINCIPAL ASSUMPTIONS FOR
POWER PRICE FORECAST

This appendix describes the principal study assumptions that were used for the Power
Price Forecast.

Study Period

Price forecasts were developed using the structural simulation model MarketPower™,
from January 2007 through December 2026. Prices from 2026 to 2036 were
extrapolated using the results through 2026.

Time Periods

On-peak hours are defined as the period
Saturday. All other hours are designated a:

pm, Monday through

Inflation

Inflation is assumed to b
Economic Indicators re

on the October 2006 Blue Chip

Load and R

lity “retirements and additions are included in the model,
where deeme Beck as appropriate. Planned resources that are under
construction, have been approved by regional commissions, or have been awarded
transmission inter%ection are included in the database as named units.

Table C-1 presents the Peak Load and associated growth rates each year thereafter.
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Table C-1
2007 Peak Load (MW) and Annual Growth Rates
Peak
Demand and
Year Growth
2007 26,340
2008 1.3%
2009 25%
2010 1.5%
2011 1.2%
2012 1.5%
2013 1.3%
2014 15%
2015 1.4%
206 1.4%
2017 1 4%

2018 1.3%
20192088 1.4%

Generic Resource Additior

New generic generation unit
given region’s specified rese
the cost of fossil-fueleg
cycling and peaki
assessment for gen

ses standardized assumptions for
¢ constructed to serve baseload,

-cycle generators, generic gas-fired simple-
cycle generators pulverized coal-fired generators,
respectively. Table C- rojections of regional average values without regard
to site-specific and unit-spegific fssues that may cause significant deviations from the
projected values. The values presented in Table C-2 should not be used to evaluate
specific projects.
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Table C-2

Generic Generator Assumptions

Western Western Western Western Western
Washington Washington Washington Washington Washington
Combustion Year 2009 Year 2010 Year 2011 Year 2012 Year 2013
Turbine - F Class Combined Cycle Combined Cycle Combined Cycle Combined Cycle Combined Cycle
Capacity (MW) 168 550 560 570 580 590
Installed Capital Cost (2006 $ per kW) 660 1,030 1,023 1,015 1,008 1,000
Debt/Equity Ratio 70/30 70/30 70/30 70/30 70/30 70/30
Interest Rate 7.5% 7.5% 7.5% 7.5% 7.5% 7.5%
After Tax Retum on Equity 13.0% 13.0% 13.0% 13.0% 13.0% 13.0%
Financing Period (years) 20 20 20 20 20 20
First Year of Operation : 2008 2009 2010 2011 2012 2013
Fixed O&M (2006 $ per kW-year) 750 19.50 19.50 19.50 19.50 19.50
Forced Outage Rate 1.0% 2.0% 2.0% 2.0% 2.0% 20%
Heat Rate {Btu per kWh) 10,300 7,040 ,965 6,928 6,890
Maintenance Rate 3.0% 5.0% .0% 5.0% 5.0%
NOX Emissions Rate (Ib per Mmbtu) 0.01 0.01 0.1 0.01 0.01
802 Emissions Rate (Ib per Mmbtu) 0.0006 0.0006 0.0006 0.0006
Variable O&M (2006 $ per MWh) 13.24 3.50 3.13 3.00
Eastern

Western Western Western Washington

Washington Washington Year 2018 Super-Critical
Year 2014 Year 2017 Onward Pulverized Coal -

Combined Cycle Combined Cycle Combined Cycle PRB

Capacity (MW) 831 891 800
Installed Capital Cost (2006 $ per kW) 864 830 2,230
Debt/Equity Ratio 70/30 70/30 70/30
Interest Rate 7.5% 7.5% 7.5% 7.5%
After Tax Retumn on Equity 13.0% 13.0% 13.0% 13.0%
Financing Period (years) 20 20 20 30
First Year of Operatio 2016 2017 2018 2012
Fixed O&M (2006 § 19.50 19.50 19.50 42.00
Forced Outage 2.0% 2.0% 2.0% 4.0%
Heat Rate (Btu p 6,644 6,562 6,480 9,240
Maintenance Rate 5.0% 5.0% 5.0% 9.0%
NOX Emissions Rate (b 0.01 0.01 0.01 0.07
S02 Emissions Rate (ib per 0.0006 0.0006 0.0006 0.0006 0.0006 0.1
Variable O&M (2006 $ per MWHh 3.00 3.00 3.00 3.00 3.00 1.80

Other Resource Assumptions

Fixed and variable operation and maintenance (O&M) costs and unit heat rates for
existing generating units are based on historical data. Forced and scheduled resource
outages are based primarily on National Energy Regulatory Commission (NERC)
historical averages reported in its Generating Availability Data System (GADS)
publications. The majority of units were modeled to be dispatched economically,
meaning such units were dispatched only when they were the next least expensive unit
needed to meet the next increment of load. However, for reasons such as reliability
and operating restrictions, some units are considered “must-run.” The model
dispatches these units regardless of economic conditions and, as such, they may
produce energy even when regional prices indicate it is uneconomic for the units to
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run. Wind and hydroelectric dispatch is based on individual unit historical monthly
energy and load patterns, where available. For units without publicly available
information, generalized assumptions by resource type are used.

Fuel Price Forecasts

We used the Energy Information Administration’s Annual Energy Outlook 2007
(AEO 2007) for the natural gas price forecast at Henry Hub (Louisiana). Henry Hub
is the focus of financial market trading on the NYMEX owing to its proximity to
pipelines that carry as much as 50 percent of U.S. natural gas supply, thus creating
robust liquidity.

Regional delivered gas prices that are used to model power prices and dispatch of
gas-fired generating units are developed from our proprietary Pipeline Demand
Balance model. This model estimates basis differentials betwe enry Hub and
various supply basins and market hubs by allocating supply o¥es specific pipeline
paths to meet demand in specific markets and evaluatin sulting capacity
utilization and/or excess supply available. Because the mgt
demand to change over time, the model estimates dyn
in basis over time, between market locations). Thes;
to the Henry Hub price, represent a generally availah
facing consumers within the region that chapf ; cording to the projected
change in supply and demand in that regio i
States.

The end result is a set of natu
into a particular geographic gt
generators w1th1n a glven re

Table C-3 provides the Ba: se natural gas price forecast used in this study.

C-4 R.W. Beck 001640 | 11-01056-10004 | 6/8/2007



PRINCIPAL ASSUMPTIONS FOR POWER PRICE FORECAST

Table C-3
Base Case Natural Gas Price Forecast
(Nominal $ per MMBtu)

Year HemyHub Pacifi I xilwest
207 163 6.97
2008 5 7.07
209 730 6.61
2010 712 6.42
an 6.76 6.05
D12 672 6.00

We also used AEO 2007 to develop regional delivered coal price forecasts. The price
forecasts for coal supply basins and transportation costs were developed and combined
to produce delivered coal prices to all coal-fired generators. The world oil prices used
in the forecast are based on those used in R. W. Beck’s natural gas price forecast.
Regional petroleum product prices were developed using econometric techniques
applied to historical world oil price and petroleum product price data.

Emissions Allowance Price Projections

R. W. Beck has developed a proprietary emissions allowance price forecast. The
forecast is developed by simulating the operation of the U.S. power generating grid
over the next 20 years. The emissions from each power plant are calculated and
aggregated by the relevant emissions markets. The Clean Air Interstate Rule (CAIR)

001640 | 11-01056-10004 | 6/8/2007 R. W.Beck C-5



Appendix C

and other emissions regulations are modeled and the emissions prices are determined
by the implementation of specific emission control technologies on individual plants.
The process is iterated until stable emissions clearing prices are reached.

The emissions clearing prices incorporate the effects of future generation expansion,
generation technology, emission control technologies and their incremental cost, and
emissions regulations. Cost functions for capital, fixed and variable costs are
developed for each emission control technology. We developed the emission control
cost estimates.

Market Areas and Transmission

The transmission system is a critical factor in electric energy price volatility and
electric market access. Limitations of the transmission system can have dramatic
impacts on the electric energy marketplace and the profitability of individual
generation units. The vast majority of the transmission syst veloped in the
United States was put in place prior to 1992 and deregulatio wholesale power
business. The original design intent for most transmissio as centered on
the concept of constructing lines for reliability an
utility’s own generation to its own load centers. T i 101, system is
generally limited in its capability to handle substantigl __ m control
area to control area. Correspondingly, as new ilt a key issue that must
be examined is whether the output of the ne smitted to its intended
market.

The zonal simulation used for
through the modeling of
representation of the electric tr:
into market areas, whig

nnected through a simplified
ads and resources are segregated
ough defined transmission links

and interfaces (wh ple lmks) to depict a maximum power flow
that can occur be When properly applied, this simplified
representation of the't ology 1s”an industry-accepted technique for modeling

market prices. ¢hnique is only an approximation of the actual

For this assessment, R. W. Beck’s transmission experts have established transfer limits
between modeled market areas based on system design constraints, published data and
reports, and analyses of flows within and between market regions. Estimates for any
applicable transmission wheeling costs and transmission losses are based on historical
information. Figure C-1 depicts the Western Electricity Coordinating Council
(WECC) modeled market areas and transmission links between them.
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Figure C-1
WECC Market Areas
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