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Motion 15548

Proposed No.2019-0429.1 Sponsors McDermott and Lambert

1 A MOTION acknowledging receipt of the feasibility study

2 for a waste to energy facility to manage the region's solid

3 waste that provides a comparison to waste export by rail in

4 accordance with the 2019-2020 Biennial Budget,

5 Ordinance 18835, Section 19, Proviso P4.

6 WHEREAS, the2019-2020 Biennial Budget, Ordinance 18835, Section 19,

7 Proviso P4, requires the executive to transmit a feasibility study for a waste to energy

8 facility to manage the region's solid waste that provides a com.parison to waste export by

9 rail, and

10 WHEREAS, Ordinance 18835, Section 19, Proviso P4, provides that $100,000

tt shall not be expended or encumbered until the executive transmits the feasibility study

t2 required by the proviso and a motion acknowledging receipt of the study, and the motion

13 acknowledging receipt of the study is passed, and

14 WHEREAS, the executive is further required to submit the feasibility study and

15 the motion that acknowledges receipt of the study by October 4,2019;

16 NOW, THEREFORE, BE IT MOVED by the Council of King County:

w The receipt of the feasibility study for a waste to energy facility to manage the

18 region's solid waste that provides a comparison to waste export by rail, which is

19 Attachment A to this motion, in accordance with the2019-2020 Biennial Budget,

rst
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20 Ordinance 18835, Section 19, Proviso P4, is hereby acknowledged.

Motion 15548 was introduced on 1011612019 and passed by the Metropolitan King
County Council onllll3l2019, by the following vote:

Yes: 8 - Mr. von Reichbauer, Mr. Gossett, Ms. Lambert, Mr.
McDermott, Mr. Dembowski, Mr. Upthegrove, Ms. Kohl-Welles and

Ms. Balducci
Excused:l-Mr.Dunn

KING COUNTY COUNCIL
KING COUNTY, WASHINGTON

Rod Dembowski, Chair
ATTEST

Melani Pedroza, Clerk of the Council

Attachments: A. Waste-To-Energy and Waste Export By Rail Feasibility Study
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EXECI.JTIVE SUMMARY
King County's Solid Waste Division ("KCSWD') provides comprehensive municipalsolid waste ("MSW')

transfer, disposal, recycling, and waste prevention services for approximately 1.3 million residents and

660,000 employees in King County, Washington (the "County"). The solid waste system serves

unincorporated King County and 37 of the 39 cities - allof the cities in the County except Seattle and

Milton. KCSWD provides waste disposal through landfilling at Cedar Hills Regional Landfill ("Cedar Hills"),

which it owns and operates. KCSWD's interlocal agreements ("lLAs") with its partner cities obligate the

division to provide waste disposal through 2040. Cedar Hills is estimated to reach capacity before 2040.

Prior to reaching capacity, the County will need to identify an alternative waste disposal strategy.

The County Council has directed the Executive to lead a study that evaluates the feasibility of using either

Waste{o-Energy ("WTE") or Waste Export by Rail ("WEBR') as the County's next disposal method. The

Office of Performance, Strategy and Budget ("PSB") is the lead for the study. Previously, the County had

contracted with Normandeau Associates, lnc. to perform an analysis in 2017 related to this topic, which

recommended a deeper dive into the potential of WTE and comparison against WEBR. The purpose of

this WTE and WEBR Feasibility Study ("Study") is to further enhance the County's understanding of the

WTE disposal method, how that compares to WEBR, and evaluate these alternatives over an approximate

20 to Sg-year time horizo n (2025 to 207 5) to assist in the County's decision-making process. This

document presents the results of the Study conducted by Arcadis U.S., lnc. ("Arcadis") and partners BHC

Consultants, LLC ("BHC'), B-Town Consulting ("B-Town"), and WIH Resource Group ('WRG'),

(collectively the "Arcadis Team") on behalf of the County.

Waste Tonnage Forecast

The Arcadis Team developed two distinct waste tonnage forecasting scenarios over 2O-year (2025-2045)

and 50-year (2025-2075) terms for the purpose of understanding system sizing impacts on potential WTE

facility or WEBR systems. The Arcadis Team obtained KCSWD's most recent tonnage forecast (February

2019 forecast) which included three different projections: high bound, baseline, and low bound.

KCSWD developed their forecast through 2028 using variables such as per capita employment, MSW

tipping fee and retail sales. For 2028 to 2040, each of the tonnage forecasts in the model was extended

using a set growth rate trend based on previous years. As these forecasts were not intended to be

extended to2075, they are stopped a|2040.

The Arcadis Team analyzed two additional tonnage forecast curves based on population projections from

the Puget Sound Regional Council ("PSRC"): Land Use Baseline and Land Use Visionl. The Arcadis

Team also analyzed several model variables that affect the tonnage forecasts. These variables include

trends in waste generated and disposed per capita and recycling rate, Based on the tonnage forecasts

1 PSRC creates tu,o gronth prolections to moclel the outcolres ofdifferent policy choices itt strall geoglaplries. Laud Use Baseline is oue of
theln, Land Use Vision is 1he other. Land Use Baseline is a representation of future development based on how the market responds to

development capacities established in Iocal jurisdictions'pre-VISION 2040comprehensive plans. Land Use Visiott is a gro$4lr pro.iection

based on local and regional polrcies. as nell as each coLrnty's adopted growth targets. PSRC uses Land Use Vision lbr planning and modeling

ll,ork.
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and model variables, the Arcadis Team proposed two MSW disposal forecast curves for this Study: a low
bound tonnage forecast and a high bound tonnage forecast, presented in the following figure.

I

s
Average Annual Growth Rate 1.7 (2029 -

1,006,379 tons (2045)

1,226,639 tons (2075)

Average Annual Growth Rate 0.57 {2040 - 2075)

Average Annual Growth Rate 0.57 (2018 - 2075)

-rtri 

1r ... lrj..q H* Snrt

Figure ES-{. wrE study Proposed High and Low Bound ronnage Dlsposal Forecast

Waste-to-Energy Methodol ogy
Based on the forecast curves, the Arcadis Team identified a WTE facility size that would meet the initial
2045 projected tonnages, and a facility size that would meet the 2075 tonnage forecasts under each
forecast condition. The facility tonnage forecast, and facility sizes, are presented in Table ES-1 below.

Table ES-1. Waste Tonnage Forecast and Associated WTE Facility Sizes

Low Bound
Forecast

3,000 tpd (1,000,000 tpy) Mass Burn Facility with a
footprint expansion capacity of 4,000 tpd (1,333,333
tpv)

tons

2025 20t0 20/,5

WtE Study proposed High Bound 1.079,268 1,454,2s0 1.4C6,L77

2075

7.774.331

WtE StUdV pfopoSed-tow Bcjiihd- -" 92&Olb 1,UJ6,379 1.035,239 1-226.539

High Bound
Forecast

1,454,250 tons (2045)

1,774,331tons (2075)

4,000 tpd (1,333,333 tpy) Mass burn Facility with a
footprint expansion capacity of 5,000 tpd (1,666,666
tpv)

Note: The tonnage forecasts presented above assume a 52 percent recycling rate.
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The Arcadis Team created two Conceptual Layout Options ("Layout Options") for a proposed mass burn

WTE Facility based on the applicable sizes feasible for the low bound and high bound forecasts as

summarized in Table ES-1 above. Layout Option 1 incorporates three (3) 1,000 tpd mass burn WTE

combustion lines and 90 - 100-Megawatt ('MW') turbine-generator ("T-G") into a compact layout, while

still providing enough area for expansion capacity. The layout is designed for a fourth 1,000 tpd

combustion line to be installed for future expansion between the Boiler Building and the Ash Management

Facility. Layout Option 2 incorporates four (4) 1,000 tpd mass burn WTE combustion lines and a 120 -
130 MW T-G into a larger, more traditional layout which provides enough area for operations and

maintenance and includes additional expansion capacity. The layout is designed for a fifth 1,000 tpd

combustion line to be installed for future expansion between the Boiler Building and the Ash Management

Facility. For an expansion of each layout option, additional air pollution control, tipping floor and pit, and T-

G capacity would also need to be installed.

Waste Export by Rail Methodology

The Arcadis Team also evaluated WEBR as a potential alternative disposal method for the County's

MSW. WEBR programs are being used to dispose of MSW from similar regional entities such as the City

of Seattle, Snohomish County, and Skagit County.

The Arcadis Team interviewed the Union Pacific Railroad ("UPRR') and the BNSF Railway ("BNSF"), the

Class 1 railroads that serve the major privately-owned landfills in Washington and Oregon. UPRR and

BNSF provided information about the companies; their ideas and preferences about transporting and

disposing of the County's MSW; and, their perception of the opportunities and constraints that the County

faces in preparing for a potential WEBR program. . The Arcadis Team also interviewed Republic Services

("RS") and Waste Management ('WM'), owners of the two largest private landfills in Washington and

Oregon.

Potential candidates to receive the County's MSW forecast quantity are required to collect and beneficially

reuse their landfill gas (methane), The following three privately-owned Northwest regional landfills have

adequate capacity for the County's MSW, are actively served by rail, and meet the gas collection

requirement:

. Roosevelt Regional Landfill (owned by RS)- Roosevelt, Washington.

. Columbia Ridge Landfill (owned by WM) - Arlington, Oregon.

. Finley Buttes Landfill (owned by Waste Connections) - Boardman, Oregon. Because this landfill is

located farther east along the same UPRR track that serves Columbia Ridge, its transportation costs

would be higher than Waste Management's. Based on available capacity at the Roosevelt and

Columbia Ridge Landfills, and the increased transportation costs, it was not researched further for this

Study.

Because of each major landfill's geographic location and the ownership of nearby railroad tracks, these

landfills have historically teamed with a particular railroad. Waste Management's Columbia Ridge Landfill

teams with the UPRR and Republic Services' Roosevelt Regional Landfillteams with the BNSF. These

relationships would probably remain intact for a County WEBR program.
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A hypothetical model of a WEBR intermodal facility ("lMF")_ was developed to provide the basis for
evaluation and cost estimating, as well as comparison with the conceptual WTE facility. The model was
used to project the costs, schedule, design and construction considerations, and impacts to regional
transportation and the environment under a WEBR program with a newly constructed lMF, and with an
existing lMF.

Comparison of WTE to WEBR

The following section provides a comparison of using WTE versus WEBR as the County's next MSW
disposal method.

lmplementation Schedule

The project implementation schedule for a new WTE facility is estimated to take approximately eight to ten
years, as compared to an estimated two to six years for an IMF facility. The most significant difference in

the project implementation schedules are for the planning / siting / permitting and the design / build to
Commercial Operation Date ("COD"). The critical path in the permitting process for a WTE facility contains
preparation of the Prevention of Significant Deterioration ("PSD") permit for air quality control. This is a
permit not required for the IMF Facility. As a more complex facility, the design / build to COD phase for a
WTE facility is estimated to take approximately four years; whereas the IMF facility may take less than a
year if using an existing facility or two years to build a new facility.

Permitting and Regulatory

The construction of either a new WTE facility or IMF facility will require many of the same licenses, permits
and / or approvals related to a new construction project. Such permits are listed in Table 3-10 in Section
3.6 and in Appendix B. However, due to the handling and combustion of solid waste, the permitting
requirements for a new WTE facility are more robust than for an IMF facility. Permits required for a WTE
facility that are not required for an IMF facility include a PSD air construction permit and visibility impact
analysis prior to construction, and a Title V operating permit and solid waste handling permit once the
facility is operational. Both types of facilities will still be subject to other environmental regulations such as
stormwater control and other Federal, State, and local regulations for their respective facility types. As
discussed above, the addition of the PSD permit can add time to the siting, planning, and permitting phase
of the schedule. Procuring the Title V operating permit and solid waste handling will take place during the
construction phase, and should not affect the critical path of the schedule.

Financial lm pact Com parison

The financial comparison between WTE facility disposal and WEBR is highly dependent on the different
variables and assumptions made in the financial models. The top five risks or assumptions impacting the
WTE and WEBR financialmodels are identified in Sectron 5, Table 5-10. Forcomparison purposes, land
acquisition and capital cost or fee charged by rail operator for a new IMF facility or existing IMF expansion
is included for WEBR since land acquisition and capital cost for WTE facility are included in the WTE
financialmodel. lf a new IMF is notrequired, expansion of existing lMFswould likely be required and
therefore require similar capital costs included in the WEBR fee. Hauling costs from the County transfer

IV
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stations to either the WTE facility or WEBR IMF are also included, assuming similar distances to WTE or

IMF as it is to Cedar Hills.

The WTE and WEBR total and costs per ton for the identified term using the low bound tonnage forecast

forthe 10-yearterm,20-yearterm, and S0-yearterm are summarized in Table ES-1. The costs include

capital and operating costs for each option, but do not include Departmental costs, which are assumed to

be the same for both options. ln addition, there are revenues associated with the WTE facility, and so all

costs used for comparison with WEBR are net costs, which take into account the revenues received to

offset the total cost. Note that negative values in the Difference rows indicate savings if WTE is utilized

rather than WEBR.

Table ES-1 . Cost Comparison between WTE and WEBR - 3,000 Expanded to 4,000 tpd

Total Cost $1,066,537,361 $2,368,418,483 $6,963,437,423

Cost PerTon $106.65 $118.42 $1 16.06

Total Cost $1,026,526,133 $2,424,490,647 $11,251 ,567 ,071

Cost Per Ton $109.94 $126.35 $21 5.1 5

Total Cost $40,011,228 ($56,072 165) ($4,288j29,649)

Cost Per Ton ($3.2e) ($7 e3) ($ee oe)

The WTE and WEBR total and costs per ton for the identified term using the high bound tonnage forecast

for the 10-year term, 20-year term, and 50-year term are summarized in the following table. Note that

negative values in the Difference row indicate savings if WTE is utilized rather than WEBR.

Table ES-2. Cost Comparison between WTE and WEBR - 4,000 Expanded to 5,000 tpd

Total Cost $1,298,013,297 $2,922,300,885 $8,899,802,758

Cost Per Ton $97.35 $99.62 $1 12.18

a ri);id i s. cont

Bound

$1 10.25 $127.19 $216.90

WEBR High

Total Cost $1,362,187,218 $3,376,330,508 $16,140,955,031

Cost Per Ton
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Difference (VWE.WEBR)

Total Cost ($64, 1 73,921 ) ($454,02e 622) ($7 ,241,1s2,273)

Cost Per Ton ($12.e0) ($27.57) ($104 72)

Bothoptionscostover$1 billioninthenearterm(10-years)andoverg6billioninthelongterm(SO-years)
but the WTE facility disposal option could cost up lo $104.72 per ton less than WEBR over the long term
(SO-years). For the low bound tonnage estimates and '10-year term, the WEBR total cost is $40 million
less than W I L tacrlrty disposal, but actually costs $3.29 more per ton because the WTE facility disposal
option assumes acceptance of more waste to reach facility design capacity than disposed of by WEBR. ln
addition, past the first 10-year term, the WEBR cost, capacity, and availability could be drastically
different, with even higher prices than projected due to low supply and high demand. For the 20-year term
and beyond, WTE facility disposal is lower than projected WEBR costs for both total cost and cost per ton,

Based on the financial models developed, WTE facility disposal costs less perton of waste and provides
the County more financial control of long-term waste disposal costs than WEBR and could result in
approximately $4.3 to $7.2 billion in savings over the 5O-year terrrr. ln addition, the costs for WTE facility
disposal are likely lower and more reliable than the potentially volatile WEBR market.

Transportation Needs and Traffic lmpacts

Both WTE and WEBR require centralized facilities for reception of waste from the transfer stations (the
WTE facility or the IMF). Transportation impacts from trucking to these locations are therefore expected to
be comparable to those seen at regional landfills. WTE facility impacts are strongly dependent on the
siting of the facility and disposal location for ash, non-processable, and bypass wastes. WEBR impacts
will be more regional, resulting in increased rail congestion ratherthan localized around the lMF, but the
degree of congestion and possible mitigation depend on siting and future rail use.

The following tables provides a direct comparison between a WTE facility and WEBR vehicle and rail "ton-
miles", or the transport of one ton of MSW for one mile. A WTE facility would have similar or slighfly higher
vehicle traffic as WEBR, but considerably less rail traffic.

VI
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Table ES-3. Transportation Needs of WTE vs. WEBR in 2025

Low
Estimate

High

Estimate Estimate

High
Estimate Estimate

High
Estimate

LowLow

Total Vehicle Ton-
Miles

18,560,920 21,s85,360 23,757,960 27,629,260 18,560,920 2',1,585,360

Total Rail Ton-Miles 83,152,640 96,702,400 296,974,720 345,365,760

Greenhouse Gas lmpacts

The amount of net greenhouse gas ('GHG') emissions in metric tons of carbon dioxide equivalents per

short ton ('MTCO2E^on") of waste disposed by landfilling at an out of county landfill using WEBR and by

combustion in a WTE facility were evaluated using the latest version (v15) of the U.S. Environmental

Protection Agency ('USEPA) Waste Reduction Model ("WARM"). As requested by the County, net GHG

emissions were evaluated for WEBR and WTE using the default Microsoft Excel version of the WARM

model "Method 1".

Additionally, because the default Microsoft Excel version of the WARM model does not allow the user to

make certain refinements to the emission factors and emission credits based on County-specific

considerations, the Arcadis Team explicitly identified the emission factors and emission credits in the

WARM modeldocumentation. ln some cases, the Arcadis Team refined the WARM model emission

factors and emission credits based on professional judgement to provide a more specific estimate based

on the County's WEBR and WTE disposal strategies ("Method 2"). Adjustments to the WARM model

emission factors and emission credits included:

Decreased the emission factor for rail transportation relative to truck transportation on a per mile

basis.

a

. lncreased the WTE offset credit for recycling to account for advanced metals processing ("AMP"),

including recycling of non-ferrous metals.

. Added a new emission credit for WTE to account for an assumed ash reuse rate equivalent to 0.075

tons of ash reused for every ton of MSW disposed.

. lncreased landfill gas ("LFG") capture efficiency to 80 percent capture to account for efficient landfill
gas recovery in dry climate.

Consistent with the lntergovernmental Panel on Climate Change ("lPCC') guidance, carbon sequestration

credits for the landfill disposal of biogenic wastes that are not readily anaerobically degraded under

landfill conditions (e.9., wood, yard wastes, and paper) are identified and reported separately for
informational purposes. The GHG evaluations for WTE and WEBR disposal strategies, including factors

that influence the WARM model results, are discussed in Sections 3.12 and 4.6, respectively.

Table ES-5 summarizes net GHG emissions using WARM Method 1.

arcadis.com
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Table ES-S. Comparison of Net GHG Emissjons for WTE and WEBR, WARM Method ,l

Net GHG Emissions, excluding ash recycling t2) 0.1 3 0.12 to 0.33

Emission Credit forAMP G) -0.11 0.00

Emission Credit forAsh Recycling ta) -0.07 0.00

Total Net Emissions -0:05 0.12 to 0.33

(1) The WARM model Excel spreadsheet does not explicitly show or allow changes to carbon sequestration credits for landfilling.
The lower emission estimate assumes a carbon sequestration credit of 0.21 MTCO2E/ton based on emission credits in the
WARM model documenlation (see Appendix D).

(2) Net GHG emissions assume short haul trucking of 20 miles to WTE facility. Mileage to landfill was assumed to be 20 miles for
trucking to IMF and 320 miles of rail mileage to out of county landfill. The rail mileage was reduced by 80 percent to account
for assumed 20-percent lower emission factor for rail versus truck transport. The adjusted WEBR mileage used in this analysis
was 84 miles (20 miles + 320/5 miles = 84 miles).

(3) Emission credit assumes additional 0.003 tons of ferrous metals and 0.011 tons of non-ferrous metals can be recovered with
AMP compared to WARM model default estimates.

(4) The emission credit for ash recycling was calculated using WARM Method 1. lnputs: 0.075 tons of ash per ton of MSW;
composition: fly ash.

Table ES-6 summarizes the WARM model results using the emission factors and emission credits in the
WARM model documentation, with refinements to the emission factors to account for lower rail emissions
compared to truck transportation on a per mile basis, increased emission credits for Advanced Metals
Processing ('AMP") and ash reuse, and increased LFG recovery.

Table ES-6. Comparison of Net GHG Emissions for WTE and WEBR, WARM Method 2

Facility Sources 0.42 0.34

Transportation Sources 0.01 0.03

Utility Credits -0.26 -0.08

Other Credits (1) -0.22 -0.21

Total Net GHG Emissions (2) -0.05 0.08 to 0.29

(1) Other credits for WTE are associated with increased offsets for AMP and ash reuse. Other credits for WEBR are
associated with carbon sequestration of non-anaerobically biodegradable biogenic wastes.

t2) The higher emission value does not include the carbon sequestration credit.

As indicated in Tables ES-5, WARM Method 1 indicates that a net difference of 0.17 MTCO2E/ton of
GHGs can be avoided by WTE compared to waste disposal at an out of county landfill using WEBR. lf
carbon sequestration emission credits are not applied to the landfill, then a net difference of 0.38
MTCO2E/ton of GHG can be avoided by WTE compared to WEBR, assuming a carbon sequestration
credit of 0.21 MTCO2E/ton.

As indicated in Tables ES-6, a net difference of 0.13 MTCO2E/ton of GHGs can be avoided by WTE
compared to waste disposal at an out of county landfill using WEBR if emission credits fdr AMP and ash

arcadis.corn
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reuse are factored into the analysis. lf carbon sequestration emission credits are not applied to the landfill,

then a net difference of 0.34 MTCO2E/ton of GHG can be avoided by WTE compared to WEBR,

assuming a landfill carbon sequestration credit of 0.21 MTCO2E/ton.

Waste composition can significantly affect the WARM model results. For this analysis, the Arcadis Team

used national average MSW waste compositions. Waste compositions with higher amounts of petroleum-

based plastics, synthetic rubbers, and synthetic textiles compared to national averages would tend to

favor WEBR compared to WTE with respect to comparative net GHG emissions. The potential increased

used of biogenic plastics over time would strongly favor WTE compared to WEBR with respect to net GHG

emissions.

Waste compositions with higher methane producing wastes such as highly organic food wastes compared

to national averages would tend to favor WTE compared to WEBR with respect to net GHG emissions.

Waste compositions with higher amounts of biogenic materials that do not biodegrade under anerobic

landfill.conditions, such as wood waste with high levels of lignin, would increase the carbon sequestration

credits in the WARM model for landfilling. The magnitude of impact favoring WEBR would depend on

whether the County decides to assign carbon sequestration credits to the landfill.

Summary and Conclusions

The Arcadis Team has performed a review of the relevant information and developed comprehensive

financial models and GHG analyses for both WTE and WEBR scenarios. As these evaluations and the

limitations of our scope heavily impact the proposed conclusions, the conclusions should be directly

reviewed in conjunction with the Arcadis Team's scope of services, direction received from the County

during the Study development, and the complete text of this Study for a clear understanding of the

limitations of review and the comprehensive summaries, assumptions, and comparisons for each topic

WTE Conclusions

After review of the appropriate data and models, it is apparent that due to the stability of operational costs

and revenue streams, WTE will provide a gross savings of approximately $4.3 to $7.2 billion (low bound to

high bound tonnage forecast) when compared to WEBR over the SO-year planning period and WTE has a

significant advantage on improving recycling rates and energy recovery when compared to WEBR. While

the shod{erm, 10-year, cost-per{on differential between WTE and WEBR is nearly even due to the large

construction cost for WTE, WTE's multiple revenue streams significantly lower escalation and inflation

impacts and protect against future price increases as the County moves further into the planning period.

Modelling lifecycle GHG emissions for a WTE facility is complex and depends heavily on the assumptions

utilized for offsets due to recovered materials and energy generation. However, with or without offsets,

WTE has known anthropogenic (fossil fuel-based) GHG emissions for every ton of MSW combusted. Even

with offsets for recovered materials, WTE will likely require carbon capture and sequestration technology

installed in order to remain viable past deadlines in 2030 and2045 for carbon neutral and non-emitting

utility sources mandated by the Washington State legislature. These GHG capture systems are on the

cusp of commercial viability, but would be the first of its kind installed in a commercial fashion on a WTE

facility in the US. lf complications arise with installation or operation of the system, it could have

associated long-term risk of non-compliance with State law, if the law remains unchanged. Those risks are

tx
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complex and are discussed further in Section 3.9 and 3.11. However, if carbon capture was completely
non-functional, the County would be required to purchase off-set credits off the open market (this market
does not yet exist in a sophisticated manner), lobby Washington regulators to provide a carve-out similar
to the one that exists for the Spokane facility, or show that the facility's offset credits (as shown in the
WARM model analysis section) make the facility GHG neutral in order to continue selling electricity in the
Washington market after 2030. After 2045, all utility retail electricity is mandated to be from non-emitting
and renewable resources. lt is possible that this could be ameliorated by lobbying to include MSW as a
renewable source and the commercial market perfecting flue gas capture prior to 2045, and as the
legislation currently only applies to regulated utilities, it is possible that the County could self-wheel power
to its own facilities and/or buildings in the future and save enterprise costs rather than sell on the open
market.

WEBR Gonclusions

The railroads strongly prefer short{erm (e.9. 5-10 year) contracts and fuelescalation adjustment,
exposing the County to higher risk of price increases over the planning period. However, the landfills are
amenable to longer term contracts and have substantial available capacity, which limits future risk of
unavailable disposal. WEBR costs have a high potential for future escalation due to the limitations in
existing railcapacity and the potentialmonopoly effect if an IMF served by both raillines cannot be found,
reducing competition during future re-negotiation of the initial contract. These risks are not built-in to the
current pricing comparison and represent a large unknown for future disposal cost and solid waste rate
impacts.

GHG estimates of WEBR depend on the waste composition used in the analysis and whether or not
carbon sequestration credits for landfilling non-degradable biogenic wastes are included in the analysis.
Carbon sequestration credits applied to a landfill is a controversial topic and there is no clear consensus
on this issue, which is why the GHG emissions are reported with and without this credit. Based on national
average waste composition, WARM modelling using Method 1 and Method 2 suggest that net GHG
emissions are 0.13 to 0.17 MTCO2E higher on a per ton basis for WEBR compared to WTE with landfill
carbon sequestration credits. Without carbon sequestration credits, net GHG emissions for WEBR are
0.34 to 0.38 MTCO2E per ton higher than WTE. Additionally, WEBR provides no additional ability to
recover or re-use certain materials such as metal and aggregate, which will lower the volume of total
recyclables collected when compared to WTE.

Summary

Based on these conclusions and the broader discussion throughout this Study, the Arcadis Team
recommends that the County consider pursuing additional preliminary evaluation, permitting and siting
considerations, and other steps necessary to rfove forward with WTE facility disposal over WEBR. Due to
the longterm cost savings, improved recycling rates, and potential for net negative GHG emissions with
the inclusion of carbon capture technology, WTE facility disposal will provide a significant financial and
environmental benefit to the County over WEBR. Additionally, even with the potential for hurdles during
the permitting and siting process, WTE represents a much more stable long-term financial profile over
WEBR to protect the County's solid waste rate structure against future inflation and escalation.
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Because of the long timeframe expected to update the County's Comprehensive Plan for Solid Waste

Management for any future change to disposal options, the Arcadis Team recommends the County

evaluate the opportunity to perform simultaneous siting and planning studies for WTE in parallel with

updates to the Comprehensive Plan, recognizing that stakeholder engagement and preliminary agreement

from the partner cities would be part of this first siting phase. This would improve the critical path schedule

to allow for the WTE facility to enter commercial operation at an eadier date and to maximize available

landfill airspace for future risk aversion.

Finally, concurrently with the existing County activities to expand the Cedar Hills landfill, the Arcadis Team

recommends that the County evaluate opportunities at Cedar Hills for future ash monofill development

and long-term disposal, as well as opportunity to either purchase additional adjacent property or use the

buffer space as a potential siting location for the WTE facility. The WTE financial model evaluated within

this Study utilized assumptions that were site neutral in an effort to provide the best comparison case, and

add conservatism, when comparing against WEBR. lf the County utilizes the existing Cedar Hills site for

development of the WTE facility and maintains air space for future ash disposal, the County could save an

additional$100 million in avoidance of land purchase and $350 million in ash disposaland hauling costs

over the S0-year planning period. These combined savings would reduce the total cost per ton for the 50-

year period by approximately $6/ton. lf the County wishes to maximize future landfill airspace at Cedar

Hills or waste forecast tonnages are significantly higher in the short term than expected, the Arcadis Team

recommends that the County consider short-term, partial WEBR of a portion of available MSW during the

long planning process. Smaller tonnage amounts should be easily implemented with existing lMFs. This

would allow for the County to maximize future airspace available or perform long-term expansions or

additions of the Cedar Hills landfill for future use as an ash monofill.

xi
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1 INTRODUCTION

Thls document presents the results of a Waste-to-Energy ("WIE") and Waste Export by Rail ("WEBR")
Feasibility Study ("Study")conducted by Arcadis U.S., lnc. ("Arcadis")and partners BHC Consultants,
LLC ("BHc'), B-Town consulting ("B-Town"), and wlH Resource Group ("wRG"), collectively the
("Arcadis Team") on behalf of King County, Washington (the "County"). This Study has been prepared in
accordance with the terms of Services Contract #6082912 ("Contract") between the County and Arcadis,
which should be read in its entirety for its content in connection with this stucly.

The County contracted with Normandearr Associates, lnc. (Normancleau Report) to perform previous
analysis in 2017 related to this topic. The Normandeau Report recommended a more detailed review into
the potential of WTE and comparison against WEBR. This Study provides additional detail and
comparison between WTE and WEBR to assist in the County's decision-making process.

1.1 Background
King County's Solid Waste Division ('KCSWD') currently provides municipal solid waste ('MSW') disposal
for 37 partner cities, as well as the unincorporated County. KCSWD provides waste disposal through
landfilling. The County owns and operates Cedar Hills Regional Landfill ("Cedar Hills").

KCSWD's interlocal agreements ("lLAs") with its partner cities obligate the division to provide waste
disposal through 2040. Waste from the unincorporated County is also disposed at Cedar Hills, which is
estimated to reach capacity before 2040.Prior to reaching capacity, the County willneed to identifu an
alternative waste disposal strategy.

The County Council has directed the Executive to lead a Study that evaluates the feasibility of using
either WTE or WEBR as the County's next disposal method. The Office of Performance, Strategy and
Budget ("PSB') is the lead for the Study.

Over the last two years, KCSWD has been working with partner cities and other stakeholders to develop
an update to the 2001 Comprehensive Solid Waste Management Plan, known as the 2019
Comprehensive Solid Waste Management Plan ("2019 Comp Plan"), that will set strategic direction for the
next six to twenty years. The 2019 Comp Plan does not make a recommendation on long-term disposal
strategies beyond recommending maximization of landfill capacity as the next disposal option to serve the
regional system through 2040 in accordance with the existing lLAs. However, the plan did include an
analysis of two alternative disposalstrategies:WEBR and WTE.

1.2 Purpose

The purpose of this feasibility Study is to further enhance the County's understanding of the WTE
disposal method, how that compares to WEBR, and evaluate these alternatives over an approximate 20
to S0-year time horizon (2025 to 2075). The general scope of work includes:

. Comparison of the WTE disposal method to the WEBR disposal method.

. Expand on previous studies per"formed for the County to develop one WTE and one intermodal
scenario on which to base a comparison (allowing for variations and options).

arcadis. conr
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. Provide a realistic assessment of the barriers and risks to successfully implementing each scenario

(e.g. political acceptance and future regulations are two difficult-to-quantify risks).

. Develop a detailed comparison of the scenarios, which have different risks and barriers to success.

. Show site plans of conceptual layouts for the WTE facility options, showing such features as traffic

flow, road configuration, scale house location, and truck queuing.

. Prepare appendices detailing the modeling that accompanies the analysis and provide the models in

their native format.

Additional scope items related to individual tasks are also included and will be addressed in each
respective section.

arcadis.com
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2 WASTE TONNAGE FORECAST

2.1 Background

KCSWD currently disposes MSW at Cedar Hills which has limited remaining capacity. The County is
considering options for fitture management of MSW in the County System. As such a Study to review the
options of WTE and WEBR has been undertaken by the Arcadis Team. The first step in this Study is
waste tonnage forecasting, under the following tasks:

. Revrew tactors that may affect the County's waste tonnage forecast

. Analyze how different assumptions could affect the forecast, with a range of estimates

The main goal of this task is to develop two distinct scenarios over approximately 2O-year (2025-2045)
and S0-year (2025-2075) terms for the purpose of understanding system sizing impacts on potential WTE
facility or WEBR systems.

To achieve this goal the Arcadis Team obtained KCSWD's most recent tonnage forecast ("February 2019
Forecast"), analyzed the factors it used, and assessed whether the methodology should be used through
the 2075 planning horizon. The Arcadis Team then developed two tonnage disposal forecasts for this
Study.

A comparison of the various tonnage forecasts considered for this Study is presented below followed by a
discussion of the Arcadis Team's forecasts.

2.2 Comparison of Tonnage Forecast Models
Figure 2-1 presents a comparison of the various MSW tonnage disposal forecasts discussed in this
section through 2075. The KCSWD February 2019 Forecast included three different projections: high
bound, baseline, and low bound. KCSWD developed their forecast through 2028 using variables such as
per capita employment, MSW tipping fee and retail sales. For 20281o 2040, each of the tonnage
forecasts in the model was extended using a set growth rate trend based on previous years. Those
groMh rates in percent per year are 2.91 (high bound), 1.70 (baseline), and 0.57 (low bound). All three of
these scenarios are shown on Figure 2-1 as KCSWD High Bound, KCSWD Baseline, and KCSWD Low
Bound. As these forecasts were not intended to be extended to 2075, they are stopped at2040.

Table 2-1 presents the summary of forecasted annual waste disposal for the different forecasts at specific
milestone years and notes to accompany Figure 2-'l .
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Figure 2-1 . Comparison of Tonnage Forecast Modelsl

Table 2-1. Annual Waste Disposal Forecast and Notes to Figure 2-1 (Total tons disposed annually)

KCSWD High Boundl 1,204,685 1,878,554 NA NA

KCSWD Baselinel 1,079,268 1,454,250 NA NA

KCSWD Baseline adj. 2044 1,454,250 1 ,496,17 1 1,774,331

KCSWD Low Boundl 1,008,710 1 ,17 5,87 5 NA NA

Feasibility Study Forecast 2

(PSRC Land Use Vision)
928,046 1,006,379 1,035,239 1,226,639

Feasibility Study Forecast 1

(PSRC Land Use Baseline)
938,796 1,090,361 1,140,879 1,497 ,114

lKCSWD Baseline, High Bound and Low Bound are based on the KCSWD February 2019 Solid Waste Forecast. These are not

intended for long term tonnage projections. These curves were not extended lo 2075.

Two additional tonnage forecast curves are shown on Figure 2-1 based on population projections from

the Puget Sound Regional Council ("PSRC"): Land Use Baseline and Land Use Vision. PSRC creates

two growth projections to model the outcomes of different policy choices in small geographies: Land Use

Baseline and Land Use Vision. Land Use Vision is a growth projection based on local and regional

arcadis. conr
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policies, as well as each county's adopted growth targets. PSRC uses Land Use Vision for planning and
modeling work. The difference between the two population model approaches is as follows:

. Land Use Baseline is a market-based growth projection of current growth patterns, i.e., the future
growth pattern if the region made no further efforts to implement VISION 2040 beyond the plans,
policies and development regulations currenfly in place.

. Land Use Vision is a policy-based growth projection developed to align with the VISION 2040
Regional GroMh Strategy, local groMh targets and the regional macroeconomic forecast, i.e., the
future growth pattern the region is planning for.

It should be noted that Land Use Vision is currently being updated along with VISION 20h0 to provirte
population projections to 2050; however, the updated Land Use Vision projection will not be available until
Spring o12020.

For the purposes of this Study, each of the population projections were extended through 2075 using the
average projected growth rate from 2020 through 2040. Those population growth rates in percent per
year are 0.91 for the Land Use Baseline and 0.57 for the Land Use Vision. The difference between Land
Use Baseline and Land Use Vision is that the Land Use Baseline is directly from the PSRC economic
model; whereas, the Land Use Vision projection is adjusted to account for County land use policies.
Therefore, the PSRC indicated that the Land Use Vision projection is more consistent with the Vision
2040 Plan and is the most appropriate projection for planning purposes.

Disposal tonnage for the Land Use Baseline and Land Use Vision were based on 3.34 pounds of MSW
disposed per capita per day. This disposal tonnage is the disposal rate in 2018, which is considered most
likely to be representative of future disposal rates because 20'18 was the first full year that the County
banned construction and demolition ("C&D") debris from disposal at its transfer stations. A discussion of
historicalpercapita MSWgeneration, recycling, and disposalrates is presented in a latersection.

One other curve is shown on Figure 2-1, KCSWD Baseline Adjusted. This is a modification of the KCSWD
Baseline that changes the disposal growth rate to 0,57 percent per year afler 2040, which is based on the
Land Use Vision population forecasted population growth rate from 20201o 2040.

Table 2-2 presents a summary of the tonnage forecasts characteristics as discussed in this section as
well as references the Proposed Low and High Bound forecasts used for this study.

a rcad is. conr
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Table 2-2. Summary of lndividual Model Characteristics

KCSWD High
Bound

County
Model

County
Model

County Model Set at 52% N/A

Model not

intended to be

extended past

2040.

Recyclilg
Rate

Average

AnnuaI

Growth

Rate

{2A4*-
2A75l.

KCSWD Baseline
County

Model

County

Model
County Model Set at 52% N/A

Model not

intended to be

extended past

2040.

KCSWD Baseline

Adjusted

County

Model

County

Model

County Model

Adjusted
Set at 52% 0.57

This line shows
the KCSWD
project baseline

but is adjusted at
2O4O to show a

slowed growth

rate. WTE Study
Proposed High

Bound.

KCSWD Low

Bound

County

Model

County
Model

County Model Set at 52% N/A

Model not

intended to be

extended past

2040.

Feasibility Study
Forecast 1

(PSRC Land Use

Baseline

Starting from

actual tons
disposed at
Cedar Hills in

2Q18

3.34 lbs. (2018

actual figure)
Set at 52% 0.9'lPSRC

Feasibility Study

Forecast 2

(PSRC Land Use

Vlsion)

Starting from

actual tons
disposed at
Cedar Hills in

2018

3.34 lbs. (2018

actual figure)
Set at 52% 0.57

WTE Study
Proposed Low

Bound

, PSRC

2.3 Model Variables

Several model variables affect the tonnage forecasts. A discussion of how changes in these variables

could impact the forecasts is presented below.
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2.3.1 Waste Disposed per Gapita

The waste disposed per capita depends on several factors including economic factors (e.g., the amount
of waste generated per capita typically decreases during recessions); technological factors (e.g.
packaging, recycling infrastructure); social factors (e.g. a person's attitude toward waste minimization and
recycling); and administrative/governmental factors (government policy's on recycling and how easy or
difficult it is to recycle).

Figure 2-2 shows historical waste disposed per capita and population in the County over a 22-year
period. These values are based on recorded tonnage disposed at Cedar Hills and the population for the
County (less Seattle, less Milton)from the Office of Financial Management ("OFM').

This figure shows a relatively stable period from 1997 through 2007 of between 4.3 and 4.5 pounds
disposed per capita per day. The per capita disposal began a steady decrease in 2008 that reached a low
of about 3.3 pounds disposed per capita per day in both 2012 and 2013. This decrease is attributed to the
recession (2007 through2014). Per capita disposal increased from 2013 through 2017 to over 3.5 pounds
disposed per capita per day. ln 20'18, the per capita disposal rate decreased to 3.34 pounds per capita
per day. This 20'18 decrease is attributed to: the implementation of a C&D waste ban; the recycling rate
holding steady (2014 onwards); and, changes in packaging (i.e. less plastic, glass etc.).
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Figure 2-2. County Waste Disposed per Capita per Day Versus Population Growth 1997-2018
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Based on this waste disposaltrend in Figure 2-2,the 2018 figure of 3.34 pounds per capita per day is

used in the Arcadis Team's tonnage forecast model with no variance through 2075.

2.3.2 Recycling Rate

Figure 2-3 shows MSW per capita disposal and recycling rates in the County for 2000, 2007 ,2010, and

2015. Recycling rates have steadily increased through this period with a 58 percent rate in 2015. lt should

be noted that the County has limited control of recycling practices because MSW collection for most of

the system is managed by the 37 partner cities.

1990 1991 1992 19St 199i :.995 1996 1.997 Lf)A Ig9 2W 2812002 2m3 2m4 2t0s 2rfi6 1c67 ?ffi8 2cf9 zAtO 2071 201? 201? 2014 20:5

m Di5po$i! K8e(ryiled *Be{,yc!iog Srte %

Figure 2-3. County Waste Generation and Recycling Rates

Figure 2-4 shows waste generation and recycling data compiled by the USEPA for 1990, 1995, 2000,

2007,2010, and 2015. The figure also shows an increasing trend forthe period; although, the rate of

increase was very low between 2010 and 2015 with a recycling rate of 35% in 2015. Figure 2-4 also

shows a steadily decreasing per capita disposal rate.

For the purpose of this Study, the recycling rate was kept at 52 percent for both high bound and low

bound forecasts. The basis for this includes the levelling off in the recycling rate in recent years and the

observation that the County does not have any regulatory means to enforce recycling rate improvements

in the partner municipalities.
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Figure 2-4. USEPA National Average Waste Generation and Recycling Rates

2.3.3 Waste Generation

Figure 2'3 shows a total waste generation for the County at just over 8 pounds per person per day in
2015. As a comparison, the US Annual MSW Generation data reported by the USEPA shows per capita
MSW generation increased by 22 percent from 1980 through to 2015, from 3.7 pounds to 4.S pounds per
person each day, although percapita generation has decreased slightly since 19902. ln Europe, MSW
generation rates (in lbs./person/day) are 2.8 in Sweden, 3.7 in Germany, and 2.9 in the United Kingdom3,

This comparison shows the County levels of waste generated and therefore disposed are higher than the
national average which is expected because the County is a largely urban and affluent area.

2 U.S. Environmental Protection Agency (EPA) (2018) Advancing Sustainable Materials Management: 201s Fact Sheet.
3 Organization for Economic Cooperation and Development (OECD) (2015) Environment at a Glance 2015.
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2.4 Proposed Tonnage Forecasts

Two MSW disposal forecast curves are developed for this Study which are shown in Figure 2-5. For the

purposes of identifying WTE facility sizing, the 2045 projected tonnages will be used initially with the

ability to expand to meet lhe 2075 tonnage forecasts.

Average Annual Growth Rate 7.7 12029 -

Average Annual Growth Rate 0.57 (2O4O - 2075].

Average Annual Growth Rate 0.57 (2018 - 2075)

-r\tt 

5!r;r ij!::.. iiv 4: ii w*rl !:ur:l to.7': : !':i! 4 j'i

Figure 2-5, WTE Study Proposed High and Low Bound Tonnage Disposal Forecast

The WTE Study proposed High Bound forecast is based on the KCSWD baseline modelto 2040 (with an

average annual growth rate of 1.7) and then adjusted from 2040 to 2075 (with a lower average annual

growth rate of 0.57). The WTE Study proposed Low Bound forecast is based on Feasibility Study

Forecast 2 (PSRC Land Use Vision) with an average annual growth rate of 0.57 for the entire study

period.

Using the high and low bound forecasts proposed there are a number of benefits, such as, two differing

model approaches are incorporated, one more conservative than the other in terms of growth due to a

consistent waste disposal value use throughout. Using a range of figures for MSW disposal such as

these, allows for flexibility, as modelling so far into the future is difficult with so many variables and

unknowns.

Total tons annual

2025 2040 2045 2B7S

t7r 1BoundWtE Hi
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3 WASTE-TO.ENERGY
This section summarizes the key assumptions related to the development of a mass burn WTE Facility for
the County's planning and management of its MSW. The Arcadis Team reviewed various scenarios;
however, the primary focus of the evaluation was to accommodate the following VWE facility scenarios
based on the tonnage projections.

Table 3-1. Summary of Waste-to-Energy Facility Scenarios

Low Bound 1,034,239 1,226,639 1,000,000 3,000 2048 333,333 1,000

High Bound 1 ,496,171 1,774331 1,333,333 4,000 2040 333,333 1,000

Facility processing estimates on a ton per day ("tpd") basis are based on an estimated rated design with
waste averaging 5,000 British Thermal Units ('BTU') per pound on a Higher Heating Value ("HHV") basis
Typically, a facility is expected to be able to process up to 10% more than the tpy size. A more detailed
and comprehensive conceptual design will be provided during the pernrittirrg phase if the County cJecicles

to move forurard with development of the WTE option.

3.1 Facility General Description
A mass burn WTE facility requires minimal front-end processing other than to separate and remove large
objects that may impair the feed system or the ash handling system. Examples of large objects that are
removed from the front end include large appliances, bed springs, and automobile parts. MSW is
delivered to the facility in transfer trailers or standard collection vehicles. These vehicles then discharge
their loads into the refuse storage pit. An overhead bridge crane located above the refuse storage pit is
used to mix, stack, and convey the MSW to charging hoppers used to feed the boiler stokers. Combustion
occurs in a controlled furnace combustion system that autdmatically adjusts the refuse feed rate and the
combustion air to provide the optimum conditions for achieving desired steam flows from the boilers. Heat
from combustion is recovered in a heat recovery boiler designed to protect boiler tubes and heating
surfaces from the corrosive gasses produced when combusting the MSW.

The steam generated from the boilers is typically used to drive a steam turbine connected to a generator
to provide both the internal electricity required to operate the facility as well as produce excess electricity
that is sold to local utilities. Steam generated is also used within the facility for other processes such as
soot blowing or sold to users of steam external to the facility where such steam heating grids or steam
customers are available.

Flue gas exiting the boiler is scrubbed of acid gasses, heavy metals, and particulate matter in the air
pollution control system. The ashes remaining from combustion are categorized as bottom ash and fly-
ash. Both ferrous and non-ferrous metals are removed from the bottom ash and sold to local recycling

arcadis.com
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companies. After metals removal, the two (2) ash streams are typically combined and in Washington

State are transported to an ash monofill; however, there may be opportunities to further separate ash

components and / or reuse the ash for beneficial purposes such as alternative daily landfill cover or as

construction materials as done in other states.

A mass burn fired system will typically reduce the incoming volume of waste by 85 to 90 percent and75
percent or more by weight. A sample profile equipment configuration of a mass burn WTE facility is

provided in Figure 3-1 .

scR

Figure 3-1. Profile Configuration of a Mass Burn WTE Facility

Note: lmage used with permission from the Solid waste Authority of Palm Beach Gounty

3.2 Methodology

The Arcadis Team developed two WTE Conceptual Layout Options ("Layout Options")for a proposed

mass burn WTE Facility based on the applicable sizes feasible for the Low Bound Forecast and High

Bound Forecast as summarized in Table 3-2 below:

Table 3-2. Layout Option Descriptions

Layout Option '1 3,000 tpd Mass Burn Facility with a footprint capaciiy of 4,000 tpd

5DA
Tipping Floor Grate

Refuse Pit

Crane

Layout Option 2 4,000 tpd Mass burn Facility with a footprint capacity of 5,000 tpd

The location of the equipment in each proposed facility layout was strategically located to achieve enough

room for waste receiving and storage, maintenance access, delivery of materials, ash removal, and

employee access. Each Layout Option was designed with adequate spacing to enable proper operation

and maintenance activities throughout the life of the proposed WTE Facility. The Layout Options also

include a roadway structure that allows truck traffic to access the tipping floor and other structures. All

Layout Options also were designed to include an expansion capability for one unit of 1,000 tpd nominal

capacity. The potential expansion areas are labeled "future expansion" in the Layout Options provided as

Figure 3-2 and Figure 3-3.

The Layout Options presented are intended to be preliminary and subject to refinement during conceptual

design. They are presented to illustrate the potential alternative footprint impacts and layouts which may
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WASTE-TO-ENERGY AND WASTE EXPORT BY RAIL FEASIBILITY STUDY

be achieved during the actual design process. Actual site layouts will be dependent on many factors
including site constraints, access to major roadways, utilities, etc.

3.2.1 Mass Burn Layout Option 1: Low Bound Forecast

Layout Option '1 incorporates three (3) 1,000 tpd mass burn WTE combustion lines and a g0 to 100-
Megawatt ('MW') turbine-generator ("T-G") into a compact layout, while still providing enough area for
expansion capacity. The layout is designed for a fourth 1,000 tpd combustion line to be installed for future
expansion between the Boiler Building and the Ash Management Facility. Additional air pollution control,
tipping floor and pit, and T-G capacity would also need to be installed.

3,2.2 Mass Burn Layout Option 2: High Bnund Forecast

Layout Option 2 incorporates four (4) 1,000 tpd mass burn WTE combustion lines and a 120 to 130 MW
T-G into a larger, more traditional layout which provides enough area for operations and maintenance and
includes additional expansion capacity. The layout is designed for a fifth 1,000 tpd combustion line to be
installed for future expansion between the Boiler Building and the Ash Management Facility. Additional air
pollution control, tipping floor and pit, and T-G capacity would also need to be installed.

3"3 Facility Site Plan

The Arcadis Team created a poterrtial site plan tor eaclr of the two Layout Options to show prospecflve
layout of the buildings and determine the total site acreage. The following section provides the
assumptions, buildings and structures, and area requirements associated with each Layout Option.

3.3.1 Assumptions

The following assumptions were considered when developing the Layout Options for the prospective
WTE Facility:

. Existing MSW transport travel patterns would be maintained.

. The total site acreage would require a range of between approximately 43 to 55 acres based on the
layouts shown, depending on the design and future processing capacity of the facility (1.5 M tpy to
2.0 M tpy). However, the footprint could potentially be reduced during further detailed design.

. The facility would at a minimum consist of the following buildings and structures:

o Scale House

o Tipping Floor Building

o Refuse Storage Pit

o Boiler Building

o Air Pollution Control ('APC') Building with equipment achieving best available control technology
("BACT'), including spray dryer absorber ("SDA") or equivalent dry system, fabric filter house
('FFH"), selective catalytic reduction ('SCR'), and carbon injection.

a rcadis.conr
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o Ash Management Building with advance metals recycling and aggregate processing

o Turbine-Generator Building, Switchyard and Switch Gear Room

o Air cooled condenser ("ACC') rather than a cooling tower to minimize water usage

o Water Treatment Building

o Maintenance and Administrative Buildings

. The Layout Options provide room for future expansion of one additional boiler unit, necessary

auxiliary equipment, and stack.

. Ash would either be disposed of at Cedar Hills in a separately-lined area for ash disposal only or

using WEBR in the future. Ash disposal has been financially modelled using WEBR for the purpose of

this Study.

. The Facility will utilize the following utilities: potable water, sanitary sewer, reclaimed and/or industrial

water, natural and/or treated landfill gas, and electric power.

. Rainwater harvesting will also be incorporated into the layout.

Carbon capture and sequestration has been anticipated to be included in the cost due to current

Washington State regulatory environment, but is not specifically shown in the Layout Options. Additional

potential alternative technologies could be incorporated by the County to help increase diversion and

recycling rates in addition to WTE in the future, but have not been included in the evaluation at this time.

Such technologies include, but are not limited to, mixed waste processing and anaerobic digestion.

3.3.1.1 WTE Facility Prototype Site Requirements

A hypothetical WTE Facility model was considered to provide the basis for evaluation and cost

estimating, as well as comparison with the conceptual WEBR option. Some of these assumptions are

made to allow construction or other costs to be estimated. lt should be noted that a fully designed facility

sited in an actual location would probably differ from the model in several material aspects. For this

Study, the WTE Facility is assumed to conform to the following requirements:

. The WTE facility is located in proximity to an IMF for out of County disposal of process residuals

using WEBR.

. Land use zoning is consistent with medium or heavy industry.

. The WTE facility is located away from sensitive receptors to minimize noise impact and to protect

against other nuisances.

. The WTE facility should be located in close proximity to existing or planned major thorough fares that

will be in place prior to construction of the facility to provide sufficient access to the site.

. The WTE facility should be located in close proximity to the waste generation centroid to minimize

idle time on the road to the extent possible.

arcardis. conr
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. Sufficient capacity for public utilities (i.e., water, power, and sewer) should be available to operate
and maintain the facility to meet the performance guarantees and within close proximity to the site to
avoid high construction and operating costs.

. The WTE facility should be in close proximity to the connection point for a surplus energy distribution
network to avoid high construction and operating costs.

. The site access / perimeter road should be a permanent roadway meeting appropriate truck loading
standards and allow for a sufficient number of collection and transfer vehicles to be queued on-site
without detriment to the surrounding communities'traffic flow.

. The WTE Facility should he sited within the borders of the County,

. Parcel shape roughly reotangular and suitablc for rcquired facility components.

. Reasonable topography: ground slopes are compatible with vehicle traffic, and buildings and
structures.

. Sufficient space for equipment laydown and storage during construction.

Additional information regarding the building layouts and discussions are noted in the following sections.

3.3.2 Buildings and Structures

The Arcadis Team establishcd the appropriate sizing of all associated buildings and structures for eaclr
Layout Option based upon review of existing facilities of similar size, specifications provided by individual
vendors, and industry standards. The Layout Options are illustrated in Figure 3-2 and Figure 3-3,
respectively.

arcadis.conr
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3.3.2.1 Scale House

The Scale House will provide traffic lanes and separate scale facilities for inbound and outbound MSW

disposal trucks. The Scale House will be appropriately sized to accommodate the projected volume of

MSW for the proposed WTE Facility. The Scale House area would include an automatic scale to facilitate

processing of County transfer trailers and reduce queue wait times. Bypass lanes will be available for

vehicles not requiring to be weighed on the inbound or outbound directions.

3.3.2.2 Tipping Building

The Tipping Building will provide adequate spacing for transfer trailers to enter the tipping floor and have

room to maneuver towards the refuse storage pit while allowing traffic to pass through the building

concurrently. The building is sized to allow greater than 30 trucks to tip simultaneously. The entry and exit

doors will be 20 feet wide and will be offset 10 feet from the corners of the building. The foundation for the

tipping floor will need to be brought to an appropriate elevation above the base elevation of the Facility to

allow for sufficient Refuse Storage Pit sizing. The current sizing in the Layout Options assumes that the

Tipping Building will be built during initial construction large enough for the expanded facility.

3.3.2.3 Refuse Storage Pit

The Refuse Storage Pit Building will have the required refuse pit capacity to store refuse below the level

of the tipping floor. Back stacking of MSW up to the top of the refuse storage pit parapet walls will provide

additional storage. The refuse pit dimensions will be calculated assuming a maximum storage capacity of

greater than 7 days of material, not accounting for refuse stacked above the tipping floor. The design also

includes enough area for each Layout Option for future expansion of the proposed WTE Facility by 1,000

tpd. The current sizing in the Layout Options assumes that the Refuse Storage Pit will be built during

initial construction large enough for the expanded facility. Note that cost savings for initial facility

construction could be achieved by not building the additional storage capacity, but would need to be

recaptured in future expansion costs.

3.3.2.4 BoilerBuilding

The Boiler Building will house three or four1,000 tpd boiler units for Layout Options 1 and 2, respectively

The size of each boiler unit is estimated to be 10O-feet L x 65-feet W (this size includes the auxiliary

equipment directly connected to the side of the boilers such as the sootblowers and auxiliary fuel

systems). The area denoted as 'future' is allocated for a fourth or fifth 1,000 tpd boiler unit for Layout

Options 1 and2, respectively.

3.3.2.5 Air Pollution Control Building

The APC Building will be located adjacent of the boiler building and will include a continuous emissions

monitoring ('CEM") system enclosure. The size of the APC building is based on vendor information and

comparison to the reference facilities in the industry. The APC Building will include the area for the SDA,

FFH, SCR, carbon feed, and other miscellaneous equipment. Carbon capture and sequestration is

currently assumed to be direct air-capture of COz, rather than flue-gas capture of COz, so it would be

housed in a separate structure.

arcadis.com
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3.3.2.6 Stack

The Stack will have an approximate S0-foot diameter with an octagonal concrete support pad
approximately 5 feet off the stack on all sides. The height of the stack is anticipated to be at teast 200 feet
based upon 1 .5 times the height of the roof of the tallest structure (Boiler Building) of the proposed WTE
Facility. lhe actual stack height will be determined based on detailed design and air emissions modelling
in accordance with the Title V air permit requirements. The stack will include flues for the base and
expanded facility conditions, so that no stack modifications are required for future expansion.

3.3.2.7 Ash Management Building

Thc Ash Management Building will be based on the total aslr arrcl rnetal str:rrage requirerrrerrts with
enouqh room to house an inclined conveyor, ferrous, and non-ferrous metals removal processing
systems. Typically, fly ash and bottom ash are combined and managed in this building. The Ash
Management Building will be designed to store greater than seven days of combined ash and recovered
materials and will recover metals through the ferrous and non-ferrous recovery systems. The Ash
Management Building has been sized much larger than typically seen in the industry to account for
additional storage and equipment space for advanced metals processing and aggregate separation.
Doors are provided on each end to allow drive through truck access.

3.3.2.8 Ash Conveyor Enclosure

The Ash Conveyor Enclosure is a covered enclosure that extends from the Boiler Building to the Aslr
Management Building and has adequate capacity for an additional boiler unit if installed. Two (2) vibrating
pan or slip-stick conveyors will fit into this area to move the boiler bottom ash into the Ash Management
Building.

3.3.2.9 Turbine-GeneratorBuilding
The T-G Building will be located adjacent to the Boiler Building. The size of the T-G Building wiil be based
upon manufacturer information for turbine-generators as well as the size of the reference facilities in the
industry. The proposed site of the T-G Building allows for a T-G unit that can generate up to 100 MW of
electric capacity for the Low Bound Case. Additional area in the T-G Building is allocated for the possible
expansion of the T-G building and installation of an additionalT-G when the additional 1,000 tpd unit is
constructed in the future for approximately an additional 30 MW T-G. Sizing for the High Bound Case
would include a T-G that could generate up to '130 MW, with room for the installation of approximately an
additional 30 MW T-G for the future expansion. ln all cases, enough clear space and access is provided
around the T-G equipment, inside the building, to allow for layout of materials, tools, and equipment for
use in future outages.

3.3.2.10 Air Cooled Condenser

The ACC cools the steam exhaust from the turbine and supplies the condensate water to the boiler feed
water pumps and does not require a water source to operate. The ACC will be located adjacent to both
the T-G Building and the Boiler Building. While slightly more expensive, an ACC will be utitized rather
than a traditional cooling tower to conserve site water usage.

arcadis.conr
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3.3.2.11 Switchyard and Switchgear Room

The Switchyard and Switchgear Room will contain the equipment that connects the facility to the power

purchaser and provider. The Switchyard consists of a gravel bed surrounded by barbed wire fence. The

location of the Switchyard should be selected to align with connection to the electric grid. The Switchgear

Room will be located along the boundary of the Switchyard and will be designed to meet the needs of a

100 MW T-G unit for the Low Bound Case or 130 MW T-G for the High Bound Case with additional

capacity for the future power expansion.

3.3.2.12 Water Treatment Building

The Water Treatment Building will be designed to house the demineralizer system, reverse osmosis
('RO') system, and chemical feeding equipment for creating demineralized water for use in the boilers.

The dimensions will be based on projected water makeup and water treatment requirements. A 105-foot

diameter Water Storage tank will be located adjacent to the Water Treatment Building to store rainwater

runoff from the Facility rooftops to limit the requirements for purchased potable or supply well water.

3.3.2.13 Maintenance and Administration Building

The Maintenance Building and Administration Building are shown co-located in the same structure;

however, these buildings could be easily separated based on the site requirements and/or convenience.

The Maintenance Building will house the maintenance shop, area for large equipment repair, warehouse

and spare parts storage area, and shower and change rooms for maintenance staff. An outage

maintenance area may also be incorporated into the Layout Options to serve as a staging area when

boiler outages occur.

3.3.2.14 Additional Buildings and Structures.

ln addition to the buildings and structures shown on Layout Options 1 and 2, the site will also include the

following buildings and structures:

. Fire Pump House and Fire Water Storage Tank

. Wastewater Tank(s)

. Cooling Water Tower and Heat Exchangers

. Settling Basin

. Chemical Storage Area

. Fuel Station

. Guard Shack, if required

. lnbound/Outbound Scale House

. Miscellaneous Pumps and Equipment

. Carbon Capture and Sequestration Equipment

arcadis.conl
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While not shown on the Layout Options, there is ample additional space in the acreage estimates to place
these additional buildings throughout each potential Layout Option. As most of these buildings and
structures are relatively small and low cost, it is assumed that they would be sized to account for the
additional expansion at the time of the initial construction.

3.3.3 Area Requirements

When developing an area estimate for a WTE site, the area can change considerably depending on the
site conditions, access to utilities and existing infrastructure, and the overall design of the equipment.
Therefore, a general proportional rule of thumb is not necessarily the best path forward for developing
rcasonablc site requirement estimates. lt is also often possible to condense the buildings and equipnrent
into a sliqhtlv smaller footprint (at additional cost). Bearing this in mind, the Arcadis Team has estimated a

slightly larger site requirement than may be needed. However, as land cost in the County is at a premium,
the additional cost to engineer and construct the structure and footprint into a smaller area will be offset
by the reduced cost for land.

To develop the estimates, the Arcadis Team initially took a survey of several 3,000 tpd WTE facilities in
the US and Europe to determine the area of those sites. The acreage for a typical 3,000 tpd WTE facility
ranges from approximately 25 acres to 35 acres, depending on the site conditions, with the larger
acreages showing larger clear spaces around the facilities themselves. As the site could vary
considerably, we ruled out using a proportional rule of thumb approach for upsizing the acreages to the
necessary requirenrents for the Low Bound and High Bound Forecasts.

lnstead, the Arcadis Team took the building sizes from the most recent greenfield (which refers to
construction on a new, previously unused site that is not being modified/retrofitted for use) WTE facility
construction of a 3,000 tpd WTE facility in West Palm Beach, Florida and proportionally upsized the
buildings on an individual basis to include additional room for advanced metals processing, additional
capacity for future expansion, and additional Refuse Pit storage. These revised buildings were developed
using AUTOCAD as shown in Section 3.3.2. These Layout Options 1 and2 also provide proposed
roadway and traffic configurations, truck turning radiuses, and follow general industry standard design
principles. The designs of both Layout Options utilize grass and gravel wherever possible to reduce the
area of impervious surfaces and assume requirements for stormwater outlay.

The total area of the site with the revised building sizes and included roadways was then condensed and
measured. Table 3-3 summarizes the enlarged building sizes and the resultant total project areas for
each Layout Option.

Table 3-3. WTE Facility Dimension Assumptions

Switch Yard 1 15' 1 15' 1 15' 11s',

Turbine Generator Building 140' 95' 140' OA'

Air Cooled Condenser

a rcil d ir;. conl
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Air Pollution Control Building 29s', 200' 400' 200'

Boiler Building 295' 75' 400' 75'

Refuse Pit 590' 1 30' 7 10' 1 30',

Tipping Building 590', 1 50', 710' 150',

Ash Management Building 2QO' 450' 240' 535'

Water Treatment 70' 7A' 70' 70'

Water Storage 105' Diameter 1 05' Diameter

Administration Building 80' 80' 80' 80'

Maintenance Building 24o', 80' 240' 80'

Total Site Acreage: 43 Acres 55 Acres

3.4 lmplementationSchedule
A preliminary Project lmplementation Schedule ("Schedule") has been developed based upon long-term

implementation plan activities that generally include planning, permitting, procurement and construction-

related activities. The Schedule identifies the major tasks, overall start date, duration, and estimated

completion date, which are required for the duration of the proposed WTE Facility project.

3,4.1 Long-Term lmplementation Plan

Several long-term implementation planning activities have been identified that should be on an

accelerated schedule or early start track to take place concurrently with the planning activities. These

accelerated activities are outlined in Table 3-4 below.

Table 34. Accelerated Schedule Activities

Bond Financing Support

Waste Quantification and Characterization

Site ldentification and Land Acquisition (as applicable)

Preliminary Site Preparation

lnterlocal Agreement Negbtiation/Extension with Partner Cities

Update to Comprehensive Plan

arcadis.com
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Siting Study and Environmental lmpact Statement ("ElS") (ihcluding Human Health and Ecological Risk
Assessment ("HHERA'))

Power Purchase Agreement Negotiations

Washington Utilities and Transportation Commission ("UTC") Need Determination Process

Notice of Construction ('NOC) Permit (per PSCM Regulation I, Section 6.03)

Prevention of Significant Deterioration ('PSD") Air Construction Per:mit process

Land Use Determination Confirmation

Procurcmcnt Etrategy Development and Verrdor Procurentent

3.4.2 Regulatory Approval

The Permitting Requirements section of this Study (Section 3.6) describes the types of permit approvals
required for the construction of the proposed WTE Facility. The schedule reflects the permitting processes
including the preparation, submission, clarification, and issuance of required permits and approvals. The
critical path commences with the update to the Comprehensive Plan, followed by preparation of the Siting
Study and ElS, PSD air construction permit, and followed by construction activities. A Human Health arrcl
Ecological Risk Assessment ("HHERA") will be completed as part of the EIS and concurrently with other
permitting activities to maintain the overall schedule, lt is anticipated that the overall permitting duration is
approximately three to five years from preliminary application development through issuance of all
required permits.

It should be noted that the fast track schedule presented in Section 3.6.2 below assumes that there are
no significant regulatory hurdles or public opposition to the project. The extended schedule allows for up
to two years of delay for potential appeals to land use permits or air permits. Should the regulatory
agencies present significant objections to or unanticipated requirements for the proposed WTE Facility,
there may be one or more constraints created by the additional capital cost, additional regulatory review
timeframe, and the potential impacts to the site layout and facility footprint. Public opposition to the project
could increase the regulatory review and approval timeframes and thus create one or more constraints to
the development of the proposed WTE Facility. \

3.4.3 Anticipated Time Required for Air Permit Approval

Puget Sound Clean Air Agency ("PSCAA') has jurisdiction for regulating sources of air pollution in the
County. PSCAA Regulation l, Section 6.03 requires a Notice of Construction ("NOC") application be
submitted for all new or modified air pollution sources prior to construction. The proposed WTE Facility
will be considered a new major source under the New Source Review ("NSR") permitting program based
on potential emission levels, and as such will be required to complete complex air quality analyses and
secure a Prevention of Significant Deterioration ("PSD") construction permit. In accordance with PSCAA
regulations, the Washington Department of Ecology ("WDOE") is the permitting agency for the PSD
program. The PSD permitting process is extensive and includes public participation, USEPA review, and
review by Federal Land Managers ("FLM") responsible for federally protected Class I areas.

arcadis.conr
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The preparation of a PSD permit application to submit to PSCAA and the WDOE will require

approximately 18 - 24 months. This estimated time frame includes the completion of required dispersion

modeling analyses, controltechnology review and supporting documentation. After submittal of the permit

application, the permitting authority will review the permit application and determine whether the

application is complete or if additional information is required. Detailed technical review of the permit

application by the permitting agencies and a public review process will follow until final permit issuance.

For complex PSD permits, an estimated 12 - 24 months is required for permitting agency review and final

permit issuance.

A reasonable time estimate for the entire permit application process, from the development of the air

permit application to final permit approval, is approximately 30 - 48 months. Additional time may be

required if a permitting authority disagrees with a proposed control technology selection, or if an air

quality modeling analysis or challenging public issue needs to be addressed. The extended Siting and

Permitting timeline presented in Section 3.4.6 includes a potential delay of 2-years to account for possible

appeals to a land use permit or air quality permit or other delays associated with obtaininS VWE or WEBR

approvals,

3.4.4 Procurement

The procurement process currently outlined in the Schedule consists of the following main tasks:

. Procurementstrategydevelopment;

. Request for Expressions of lnterest ("RFEl') development, response, and response evaluation

(depending on procurement strategy this task may not be required);

. Request for Qualifications ("RFQ") development, response, and response evaluation; and

. Request for Proposals ("RFP") development, response, and response evaluation.

It is currently envisioned that the procurement process will consist of issuing two draft RFPs in order to

thoroughly incorporate all qualified vendor input into the procurement documents. Award of Contract to

the successful vendor is estimated to take approximately one to two years.

The proposed procurement approach will be further refined in the procurement strategy development

phase and specific activities may be accelerated or eliminated depending upon the ultimately selected

procurement approach. The approach presented herein is based upon the design-build-operate

procurement which is typical in this industry; however, there are a variety of alternative delivery methods

that could be considered. Procurement is estimated to take approximately one to two years and will be

concurrent with the planning, permitting, and siting activities. Thus, it should not affect the critical path of
the Schedule.

3.4.5 Construction-Related Activities

The construction period outlined in the Schedule is a general overviewof the construction process. As the

Project moves forward, detailed construction schedules will be developed as part of the planning and

procurement process by County consultants and/or the successful vendor. The construction-related

activities include:

arcadis conr
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. Procurement of major equipment;

. Procurement of long lead time items;

. Preliminary site and utilities work;

. Design;

. Construction,

. Commissioning and start-up;

. Acceptance testing and

. Final inspection.

It is currently anticipated that the construction duration is approximately four years from the Notice to
Proceed through acceptance testing and commercial operations date ("COD"). The critical path involves
design, construction, and procurement of long lead time items. lt is estimated that the T-G will need to be
purchased at least one year prior to the start of construction. This estimated lead time allows for the T-G
to be installed in year 2 of construction for the successful vendor to build around the T-G.

Other activities to consider for the Schedule include Bond Financing and the different approaches
available to the County. Financing options are briefly discussed in Section 3.8 Financing Options, but
bond financing is the most likely method.

After the equipment procurement and Bond Financing are completed, the next critical path is actual
construction activities. lt was assumed that the successful vendor will require approximately four years for
design, equipment procurement, fabrication, construction and testing to complete the Proposed WTE
Facility. Acceptance testing is anticipated to occur in approximately November and December 2027
based upon the Fast-Track preliminary Schedule. This Schedule assumes that there are no issues with
market conditions and availability of long-lead time materials and equipment. The Schedule may extend
through January 2028 tf the permitting and/or siting process is extended beyond the initial four year Fast-
Track estimate.

3.4.6 Project lmplementation Schedule Summary

The preliminary schedule based on long-term implementation plan activities generally includes siting,
planning, permitting, procurement and construction-related activities. The schedule represents an eight
(8)to eleven (11) year period from the planning stage to the end of acceptance testing, which is longer
than similar projects implemented in the past due to siting and permitting requirements in King County.
The schedule will be used as a tool to maintain a record of all required activities and will be updated to
reflect results of subsequent investigations over the course of the Project implementation period. A
summary of the WTE Facility project implementation schedule is provided in Table 3-5 below.

arcad is. conr
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Table 3-5. WTE Facility - Project lmplementation Schedule

Extend/Negotiate I nterlocal

Agreements and Update

Comprehensive Solid Waste

Management Plan

1 to 2 years 2 years

2 Siting / Planning / Permitting 3 years 5 years

?
Procurement (RFQ / draft RFP /
Final RFP through selection and

Notice of Award)

'1 - 2 years

(concurrent with Task 2)

2 years

(concurrent with Task 2)

4
Design / Build to Commercial

Operations Date (COD)
4 years 4 years

Total 8-9 years 11 years

COD Date if
Slart 11112020

1tlt2028 - 11112029 1t1t2031

Table 3-6 summarizes major activities in the project implementation schedule

Table 3-6. Major Activities Summary

lnterlocal Agreement Negotiation/Extension with Partner Cities

Update to Comprehensive Plan

Site ldentification and Land Acquisition (as applicable)

Preliminary Site Preparation

Power Purchase Agreement Negotiations

UTC Process Accelerated Activities

PPSA Process Accelerated Activities

Land Use Determination

Environmental Resource Permitting

PSD Air Construction Permit

Health Risk Assessment

NPDES Stormwater Construction Permit

arcadis.com
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Procurement

Financing

Design

Construction

Acceptance Testing

Title V Operation Permit

NPDES Stormwater Discharge

Record Drawing Review / Project Closeout

3.5 Cedar Hills l-andfill Capacity lmpacts
Based on both the high and low bound waste forecast capacity requirement, models were developed to
evaluate the disposal capacity required for both excess MSW and residue / ash from 2025 through 2075.

For MSW, disposal options include Cedar Hills and / or WEBR. KCSWD is considering several site
development options for Cedar Hills and a preferred option has not been identifred. For residue / ash,
disposal options inc[rde an ash monofill and / or reuse via a cement kiln or similar approved recovery
option. This section describes how the disposalforecast would be impacted. At the direction of the
County, this Study assumes that Cedar Hills will not be available for ash disposal. ln addition, the site
development options for the remaining lifetime of Cedar Hills are still under review within the County.
Therefore, the effect of different alternatives for MSW disposal was investigated, but not the effect on the
landfill remaining useful life.

Variables considered for disposal / reuse capacity requirement were as follows:

. High bound waste forecast.

. Low bound waste forecast.

. Timeline for the WTE facility coming online.

. Timeline for the WTE facility expansion.

. Residue reuse options:

o Worst Case (No aggregate re-use application) - Residue amount that would need to be landfilled
is estimated lo be 23% by weight of incoming tonnage. This is a typical residual amount for new
WTE technology.

o Reasonable Case (75% of bottom ash aggregate is re-used in an outside application) - Residue
amount that would need to be landfllled is estimated to be 7.5% by weight of incoming tonnage.
This assumes bottom and fly ash separation, with the majority of bottom ash re-used in road
aggregate application. Many European facilities utilize 100% of bottom ash residualfor roads and
other applications.

a ri:ad is. coIr
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o Best Case (Combined ash re-use application, with only over-sized or larger aggregate pieces

remaining) - Residue amount that would need to be landfilled is estimated to be about 2% by

weight of incoming tonnage. This assumes combined ash re-use in a cement or asphalt mix

scenario and would require WDOE's approval. lt is important to note that approval for ash re-use

will be subject to regulatory review and constraints and the products will have to comply with

provisions in the Washington Administrative Code. This is a manageable process, is utilized

widespread in Europe, and has been successfully navigated with regulatory agencies in Florida to

allow more widespread re-use over the past 5-10 years.

The following conversion factors were used to convert MSW and residue/ash to cubic yards ("CY") in

order to assess landfill capacity requirement, also in CY.

. MSW 1,600 lbs. = 1 cy

. Residue/ash 2,500 lbs. = 1 cy

Tables 3-7 through 3-10 show the effect on total tons of waste to be managed over a 20 and S0-year

horizon depending on the waste forecast used and residue reuse options. Ash reuse of 7.5o/o is a

reasonable assumption for this facility and that percentage is used in the primary GHG and financial

analysis. However, this is subject to markets being available and willing to take the residue material.

Negative numbers represent overcapacity at the WTE facility (i.e. there is not sufficient waste in the given

forecast to meet the treatment capacity of the WTE). This is an opportunity to attract extra external refuse

with an associated gate fee.

ln addition to advanced metals recycling and ash (aggregate) reuse, another methodology to extend the

landfill capacity that the County inquired about was landfill mining. Landfill mining has been performed in

few WTE facilities as a fuel in the United States and Europe and only for recently staged waste within 0.5

to 1 year of waste generation in order to maximize waste fuel during period of low waste generation or for

increased revenue generation (i.e., heating in winter for WTE facilities connected to heating districts for

steam sales). This is primarily because of the low heating content of old MSW which may be further

complicated by alternating layers of daily cover and waste that further reduce the quality of waste as a

fuel source. This low-quality waste can cause operation and maintenance issues. lf the County chooses

the WTE option and requires landfill mining, then there should be considerations for only mining waste

that is less than one year old and reserved to specific areas of the landfill where waste is placed with

intent for recovery (not standard waste storage compared to typical landfill practice). The financial model

developed for this study does not include landfill mining.

Complete detailed tables are provided in Appendix A.

atcadrs. cont
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Table 3-7. Fast Thck WTE Online 2023 - Low Bound Waste Forecast

2Gyear horizon

<2O2s -2045)
20,597,350

so-year horizon
(2025 -2o75',t

54,540,180

2,597,350 3,24,687 1,325,351 1,656,689 4903,3;6

(2,793,144) (3,491,430) 3,A64,4s4 4,830,s67 1339,13e)

2,597,350 3,246,687 4,064,410 s,080,512 8,327,199

(2,793,144) (3,491,430) 11,850,992 14,813,740'11,322,311

yJTF 0ntine ?828 - 1 million tons. Expansion in ?0ig io t.33g.3tl tons.

2,597,350 3,246,6g.7 3s3,427 441,7U 3,588,471

(2,793144' (3,491,43r) 1,030,521 1,288,1s1 (2,203,278)

nrc&Jls com
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Table 3-8. Eest Case WTE Online 2030 - Low Bound Waste Forecasl

2o-year horizon
(2025 -2045)

20,597,350

5&year horizon

(2025 -2o75',,
54,540,1 80 (793,1441 (991,430) 3,722,410 4,653,013 3,661,583

4,597,350 5,746,687 1,183,307 1,479,134 7,225,821

(793,1441 (991,430) 11,415,392 14,269,239 13,277,810

4,597,350 5,746,687 3,628,809 4,536,011 10,282,698 4.597.350 5,746,6A7 315,549 394.435 6.14'1,123

(793,144\ (991,430) 992,643 1,240,803 249,374
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Table 3-9. Fast Tack WTE Online 2028 - High 6ound Waste Forecast

20-year horizon

<2025 -2045\
27,830,588

5o-year horizon
(202s -2075\

76,908,817

1,830,596 2,28€'245 1,818,535 2,273,169 4561,4-3

908,84s 1,135,057 s,451,354 6,8'14,192 7 950.2.9

1,830,596 2,28a,245 5,576,840 6,971,050 9,259,295

908,845 1,136,057 16,717,485 20,896,856 2,032,913

0nline2iJ?&-1.333.333ntilli.rllons frpan!ioh$20{0tol.666,666roos
:

!!Ig

1,830,596 2,288,245 4A4,943 606,178 2,@4,423

908,845 1,136,057 1,453,694 1,817J1A 2,953,175

arc*iis com
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Table 3-10. Best Case WTE Online 2030 - High Bound Waste Forecast

20-year horizon
(2O2s -2o45',)

27,830,588

50-year horizon
(2025 -2075\

76,908,817

4,497,262 5,621,577 1,639,415 2,049,269 7,670,A47

3,575,511 4,469,389 5,272,234 6,590,293 11,059,682

4,497,262 5,62'l,577 5,027,540 6,2A4,425 11,906,003

3,575,511 4,469,389 16,168,185 20,210,231 24,679,620

WIE'oniine 2030 - 1.333,33: rtill'6 l6ns gtpan$ion ir ?0/.0 io 1.666.666 tons

4,497,262 5,621,577 437,177 546,472 6,168,049

3,575,511 4,469,389 1,405,929 't,757,411 6,226,A01

nrcadis com
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3.f? [i]errlrrt'eing; Ftr*qr-lirerne*nts

A preliminary assessnrent was conducted of the regulatory requirements applicable to the construction
and operation of the proposed WTE Facility at an nnknown site. Significant permits and approvals that
are likely to be required for a WTE Facility were also identified. lnformation considered in conjunction with
this preliminary assessment was obtained from the PSCAA and Washington Administrative Code
("wAc")

Table 3-1'1 provides a list of potential permit requirements and the associated permitting agency. The list
aims to capture all permits that will be or may be required for the construction and operation of a WTE
Facility. However, this list nray not be exhaustive. The list assumes that the WTE Facility will be located
wtthtn the County. lf the Facility is located outside of County jurisdiction, the local jurisdiction permitting
agencies are subject to change. The list of potential permit requirements, with estimated agency permit
review periods, coordinating agencies, and supporting documentation required is provided as Appendix
B.

Table 3-1 1. WTE Development Potential Permit Requirements

Planning and State Environrnental Poti;y Acl (;lpri npp-u"r"

Project-level SEPA Environmental Review and Threshold
Determination

KCSWD

Preapplication / Site Plan Review
Permitting Division of King County
Department of Local Services

Environmental lmpact Statement ("ElS") KCSWIJ plus others

Lantl"Uie dfitl-R€,Hted Early Permit Subdiittals ^

Special Use (Land Use) Permit Modification Permitting Division of King County
Department of Local Services

Notice of lntent to Construct a Geotechnical Soil Boring Washington Department of Ecology
('wDoE")

Notice of lntent for lnstalling, Modifying, or Removing Piezometers WDOE

Notice of lntent for lnstalling, Modifying, or Decommissioning Wells WDOE

Traffic Control Plan (Traffic Plan / Haul Route) Roads Services Division of King County
Department of Local Services

Stormwater, Grading, and Drainage Control Approval Permitting Division of King County
Department of Local Services (Permitting)

NPDES Construction Stormwater General Permit WDOE

Street Use Permit(s) Roads Services Division of King County
Department of Local Services
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Clean Water Act (CWA) Section 404 permit (Nationwide or

lndividual)

USACE Seattle District

Environmental Critical Areas Review Permitting Division of King County

Department of Local Services

Endangered Species Act Compliance US Fish and Wildlife Services ('USFWS')

and NOAA Fisheries (jointly, the "Services")

Clean Water Act ("CWA') Section 401 Water Quality Certification WDOE

Hydraulic Project Approval (' HPA') Washington Department of Fish and Wildlife
('wDFW',)

Air Quality Notice of Construction ("NOC') / Prevention of
Significant Deterioration ("PSD') Construction Permit

PSCAA and Washington Department of
Ecology

Notice of Construction or Alteration Federal Aviation Administration ("FAA')

Clearing and Grading Permitting Division of King County

Department of Local Services or City

Side Sewer Permit for Temporary Dewatering of Construction

Sites, if required

Permitting Division of King County

Department of Local Services or City

King County lndustrial Wastewater Construction Dewatering

Discharge Permit

King County Wastewater Treatment
Division, coupled with SPU approval

Building i Construction Permitting Division of King County

Department of Local Services or City

Shoring Permitting Division of King County

Department of Local Services or City

Structural Permitting Division of King County

Department of Local Services or City

Electrical Washington State Department of Labor and

lndustries ("L&1")

Mechanical Permitting Division of King County

Department of Local Services or City

Plumbing Permitting Division of King County

Department of Local Services or City

Energy Code Permitting Division of King County
Department of Local Services or City

Water / Sewer / Fire Flow Certificate Permitting Division of King County
Department of Local Services or City
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Drainage Permitting Division of King County
Department of LoCal Services or City

Geotechnical Report Permitting Division of King County
Department of Local Services or City

Utility Permitting Division of King County
Department of Local Services or City

Side Sewer Permit Permitting Division of King County
Dcportmcnt of Local 9crvices or City

Poot Permit Submittalc laermitting Division of Kng Courrty
Department of Local Services or City

On Site Fueling Permit WDOE

Solid Waste Permit Washington Department of Ecology via
Public Health Seattle-King County (PHSKC)

Title V Air Operating Permit PSCAA

Elevator Operating Permit Permitting Division of King County
Department of Local Services and L&l

King County lndustrial Wastewater Discharge Permit King County Wastewater Treatment Division

NPDES Stormwater General Permit Coverage WDOE

Weighing and Measuring Devices License Washington Department of Licensing /
Department of Agricultu re

Fire Department Permits:
Motor Vehicle Fueling Station [Above-ground Tanks]; Combustible
Liquids/Flammable Liquids; Fuel Dispensing [open use] into
Equipment from Above-Ground Tank; Fleet Fueling Site; and
Waste Handling)

Permitting Division of King County
Department of Local Services

Building Commissioning Permitting Division of King County
Department of Local Services

Certifi cate of Occupancy Permitting Division of King County
Department of Local Services

On Site Fueling Permit WDOE

3.6.1 Planning and SEPA Approvals

This is step one of the permitting process. A number of these items can be conducted in parallel once a
site has been identified.
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3.6.2 Land Use and Related Early Permit Submittals

Several permits must be obtained in relation to land use prior to commencing construction. This is also

the stage an ash monofill permit will be applied for, if necessary.

3.6.3 Building and Gonstruction Permits

These permits will be required for the construction period for the WTE facility

3.6.4 Operating Permits and Approvals

ln addition to the permits and regulations above, other permits and approvals may be required for the

operation of the proposed WTE Facility, including, but not limited to a NPDES permit if discharging to

surface or ground water. A.n industrial wastewater discharge permit maybe required if the water is going

to the County metro system.

3.6.5 Air Construction Permit

One of the critical permits required for the proposed WTE Facility is the air construction permit. The

proposed WTE Facility would be considered a new major source of air pollutant emissions and be

required to obtain a PSD permit under the NSR permitting program. PSCAA regulations specify that the

WDOE is the permitting agency for the PSD program. The PSD permitting process is complex, includes
public participation, and requires completion of various air quality analyses. These analyses include

BACT analyses for the air pollutants associated with the planned emission units, dispersion modeling

analyses to determine air quality impacts at nearby receptors and at receptor locations within federally

protected Class I areas, visibility analyses to determine impacts at the Class I areas, and a toxic air

contaminant impact analysis. Prior to issuance of a final air construction permit, multiple iterations of
these analyses will likely be required to address any adverse impacts and to satisfy concerns of the

permitting authorities, FLMs responsible for the Class I areas, and the public.

All sources at the Facility must also comply with applicable federal New Source Performance Standard

("NSPS') established in 40 CFR 60 and National Emission Standards for Hazardous Pollutants

("NESHAP") in 40 CFR 61 and 63. ln particular, the municipal waste combustors to be installed at the

Facility will be subject to 40 CFR 60, Subpart Eb. This regulation prescribes emission standards, requires

monitoring and performance testing, and includes siting requirements. The siting requirements specify

that a detailed Materials Separation Plan be completed (preliminary and final draft versions) with a

defined public review process.

As a major source, the Facility will also be required to obtain a Title V operating permit. A Title V permit

application can be submitted after the PSD construction permit is issued or concurrently with the PSD

construction permit application. Considering the complexities associated with the Facility and anticipated

construction schedule, it is recommended to prepare and submit the Title V permit application after the

PSD construction permit is issued.
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3.7 Financial Analysis
The Arcadis Team developed a financial model to estimate the costs for development, construction,
operation, and expansion of a WTE facility overthe S0-year planning period. This modelcan be used to
compare the costs of a 3,000 tpd facility and a 4,000 tpd facility as well as comparing the estimated WTE
costs with the anticipated cost for WEBR.

3.7.1 Development of Cost Estimates

The most recent greenfield WTE facility constructed in the United States was in West Palm Beach,
Florida and reached commercialoperations in 2015. The West Palm Beach Facility has a 3,000 ton per
day capacity, with an annual processing capacity of 1 million tons. A design-build-operate contract
method was used, so the contracted entity was responsible for design, construction, and operation of the
municipally-owned facility. The size and technology of the West Palm Beach Facility will be similar to a

facility developed for the County, and therefore the construction and operations cost for the West Palm
Beach Facility was used as a basis for the cost estimates for a County facility. Cost information from other
facility refurbishment projects were also used as well as resources with national WTE facility information.

3.7.1.1 Capital Cost

The West Palm Beach Facility construction cost was escalated from 2015 dollars to 2019 dollars. ln
addition, portions of the West Palnt Beaclr corrstructiorr cost were adjusted for location. Labor was
assumed to be 15% of the construction cost based on known project labor breakdown with adjustments
for a greenfield site, which was then adjusted to account for higher labor costs in Seattle compared to
Miami based on US Bureau of Labor Statistics location factors. Equipment cost was estimated to be 19%
of construction cost based on known project equipment breakdown, which was then adjusted to account
for higher sales tax rate in King County (10%) compared to West Palm Beach during construction (6%).
Any difference in costs for salaried wages, materials, and sLrbcontractors is considered minimal and likely
covered in the project contingency. Additional costs were added for carbon sequestration in anticipation
of upcoming greenhouse gas regulations as discussed in Sections 3.9 and 3.1'l , land acquisition costs
estimated at approximately $900,000 per acre, and advanced metal recovery equipment and processing
based on the anticipated quantity of ash produced.

A project contingency of 3% of the construction cost was included, as the reference case base
construction cost had significant contingency already included, such as $22M in allowances and all
change orders included, which represents greater than 2o/o of the total construction cost. An additional
three percent of the construction cost was included for consulting fees, which includes legal fees for
contract development and negotiations, engineering fees for owner's agent services, and other consulting
fees that may be needed. lt is assumed that bonds will be issued for the contractor design and
construction cost. Bond issuance costs are typically 0.6% of the amount needed / principal. We are also
including an additional 6.7% for additional bond issuance costs assumed to cover cash flow requirements
for a total issuance cost of 7 .3%.Ihe bond interest rate is assumed to be 4.0% for a 30-year term.

The modeled 3,000 tpd facility defers to the low-bound tonnage forecast with anticipated 1,000 tpd
expansion to be completed in 2048 for total expanded capacity of 4,000 tpd.
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The modeled 4,000 tpd facility defers to the high-bound tonnage forecast with anticipated 1,000 tpd

expansion to be completed in 2040 for a total expanded capacity of 5,000 tpd. Construction cost

estimates for a facility above 3,000 tpd were added as 75o/o of the base 3,000 tpd facility per tpd above

3,000.

Expansion capital cost estimates are based on 40o/o of the per tpd construction cost for a 3,000 tpd

facility, escalated to the year of the start of design and construction of the expansion. The 40% of per tpd

is based on 30% of the originalthree unit (3,000 tpd) costs because the expansion would be adding one

unit to the three existing units for the base case, plus an additional 10% of the original construction cost

for general equipment refurbishment due to equipment age and use. lt is assumed that design and

construction will begin two years before the expanded capacity is required. The cost for additional carbon

sequestration equipment for the 1,000 in additional tpd is also included. The estimate assumes land and

site work required for expansion was included in initial construction and assumes Advanced Metals

Processing (AMP) expansion is not required.

3.7.1.2 Operations and Maintenance Cost

The contract operator Operations and Maintenance ("O&M") fee cost estimate was based on the West

Palm Beach Facility 20'19 base annualoperating fee of $23.06M, but rounded up to $25M for2019
because of the additional cost for operation and maintenance of the anticipated additional equipment for

carbon sequestration and advanced metal recovery not included in the West Palm Beach Facility. This

O&M Fee is based on a 3,000 tpd facility and the cost is 50% of the per tpd cost for a facility with capacity

above 3,000 tpd and escalated from 2019 dollars to future year dollars.

Consumables costs for air pollution control reagents including lime, urea (ammonium hydroxide), and

carbon are based on the West Palm Beach facility 12-month average usage rate and the third quarter

2018 cost for the reagents. Reagents may escalate more quickly than other costs. The cost model

currently uses the common model CPI factor. Additional costs for utilities such as natural gas, water, and

wastewater, which are usually pass{hrough costs from the facility Operator to Owner are also included.

Quantities of utilities were estimated based on the usage per tpd capacity of a similar sized facility. Utility

costs were based on published information for the Washington area: natural gas price is based on May

2019 US Energy lnformation Administration (ElA) industrialnaturalgas price, potable water price is based

on Seattle Utility wholesale water customer rates, and wastewater price is based on Seattle Public

Utilities commercial sewer rates. Cost for purchased electricity required is not included as it is typically
paid for by the Operator.

Ash disposal costs included in the base model assume WEBR using an existing IMF that would have

available capacity for the estimated amount of ash. The ash disposal costs also assume higher

compaction rate of 30 tons per container, as ash is more dense than MSW without compaction. The

WEBR estimated disposal costs including hauling cost to the IMF but excluding capitalcost for a new IMF

are used. This is due to the smaller total volume of waste being used for WEBR and assumes that an

existing lMFs should have capacity to handle this capacity without capital improvements. An additional

scenario of ash disposal at Cedar Hills could also be used and would provide reduced disposal costs.

Haul costs for waste transport from existing transfer stations to the WTE Facility were estimated in the

WEBR analysis and assume current waste compaction rate and a similar distance from the transfer

stations to the current landfill. An additional scenario could assume negligible change in hauling
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compared to current hauling for both WTE or WEBR disposal, but this cost is highly dependent on the
location of the WTE facility or lMF, which are unknown at this time.

Previous analysis by others included significant amounts of bypass waste. Bypass waste is typically
defined as waste that can be processed at the WTE facility but is bypassed due to waste storage
restrictions. The WTE model includes an input for bypass waste tonnage which is only included as a
disposal expense and does not reduce the facility throughput or operational costs. Realistically, there
should be limited bypass waste as the facility and expansion timing assume there is more capacity than
estimated tonnage with the ability to turn off supplemental waste during high volume periods. Outages
can be managed to minimize significant facility capacity reduction, and waste received during facility
outages can be stored in the pit for use once the units are operational.

Nonprncessahle waste refers to oversized materials that cannot be processed at the WTE facility, such ae
large appliances, construction and demolition debris, furniture, mattresses, and oversized carpet. Based
on the 2015 Waste Characterization and Customer Survey Report, these wastes made up approximately
3.5% of the waste stream, after removing C&D which is no longer accepted after 2018. ln the financial
model, the estimated quantity of nonprocessable waste wqs deducted from the waste projections to
account for the reduction in facility throughput, operational costs, and added disposal costs as well as
allowing for out of County waste disposal up to the WTE facility design capacity.

3.7.1.3 Other Costs and Assumptions

Capital costescalation rate and annual operating fee escalation are currently modeled al 3.0% based on
historic contractual escalation seen at other facilities and review of national CPI information. This
escalation rate is also used for other costs and revenues, except for electrical energy revenues, and for
WEBR cost escalation. Actual cost escalation can be highly variable based on economic conditions and
may also be different for the different facility costs and revenues.

Facility availability is assumed to be approximately 91%, which is low compared with the standard for the
industry. This lower availability provides an additional layer of conservatism to ensure all County capacity
can be processed. Processable waste processed is assumed to be constant over the term of the model,
but facilities can experience fluctuations based on unanticipated outages, major equipment failure, or
force majeure events. The model also assumes the annual throughput guarantee (typically an O&M
contract value) is equal to the processible waste processed (facility performance), as there are usually
additional fees, at a reduced price, paid to the operator for waste processed above the annual throughput
guarantee. Because of the reduced price on O&M fees and associated revenues with processing above
the facility capacity, additional costs are considered negligible.

HHV of a fuel is the heat released from the complete combustion of the material calculated by returning
all the products to pre-combustion temperature and is dependent on the composition of the material being
combusted. Because waste composition varies with region and season, the HHV of waste can fluctuate.
The Operator can manage the waste in the pit to help homogenize the HHV by mixing and fluffing the
waste fed into the boilers. For modelling purposes, the Facility is assumed to have a design HHV of 5,000
BTU per pound and an Annual Average HHV of 5,200 BTU per pound. The HHV values of the waste
impact electrical generation rates and therefore electrical energy revenues. Actual HHV variability may
impact actual facility capacity which impacts available capacity for outside waste, electrical generation,
cost per ton calculations, and facility performance.
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Ferrous and non-ferrous estimates are based on the County waste composition numbers indicating 4.7%

unrecovered metals in the waste to the landfill. Assuming 28,3% ash generation from the waste, it is

estimated that there are approximately 16.6% metals in the ash stream. This is separated into

approximately 15% ferrous and 1.5o/o non-ferrous. The metals recovery rate is estimated at 98% recovery

based on West Palm Beach reference facility and experienced increases in recovery with AMP facilities.

The metals market prices used are based on national average pricing, current pricing from other similar

facilities, and assume higher price for cleaner metals usually collected from AMP. The current estimated

pricing is not escalated to the start year, but used as the input value for the start year to provide some

conservatism. The model assumes the County receives all metals revenues with no revenue share to the

operator. lf an Operator revenue share is included, it would often result in a lower base O&M fee and can

incentivize the operator to more efficiently operate the metals recovery system. Aggregate recovery from

the ash stream is estimated to be 57o/o of the total ash residue, which is consistent with the reasonable

best-case scenario from the landfill capacity model. The model currently assumes no revenue for the

aggregate recovered but does assume that that recipient will pay the costs to haul the aggregate off site,

which reduces the quantity of ash requiring disposal at the facility. As aggregate users are identified,

revenue from aggregate sales could be realized but is not currently included in the financial model.

The following tables show WTE project costs for an initial 3,000 tpd facility, with 1,000 tpd expansion in

2048 and an initial4,000 tpd facility, with a 1,000 tpd expansion in2040. Green cells identify initialcosts

and purple cells identify expansion costs. Costs shown are less revenues. Revenues are identified and

discussed in Section 3.10 Facility Revenue Analysis.
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Table 3-12. lnitial 3,000 tpd Facility Project Costs Summary
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Table 3-13. lnitial 4,000 tpd Facility Project Costs Summary

3.7.2 Financial Analysis

Financial analysis of the WTE financial model includes evaluation of costs at approximate 10-year (end of

2037),2}-year (end of 2047) and S0-year (end of 2077) terms assuming construction is completed by the

end of 2027.|f construction schedule varies, estimates may change due to change in estimated inflation,

but should not impact comparison with WEBR on total financials. The WTE financial model was

developed to compare costs for WTE facilities of different capacities and for comparison with WEBR

estimated costs. Comparison with WEBR is included in, Section 5. For comparison purposes, the model

assumes WEBR would begin at the same time as Facility commercial operation.

Base model data is provided in this Study and includes several analysis parameters with different

modeling options. Base model parameters were often selected to provide a more conservative financial
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analysis to ensure this study does not over-promise the benefits of the Facility. While all model input
values can be modified or adjusted, certain significant scenario parameters and options, the base model
option used, and the most realistic option are identified in Table 3-14. When the base modeloption used
in the following analysis differs from an alternate achievable option, that parameter is identified in red font
in the Alternate Achievable Option column.

Table 3-14. Financial Analysis Parameters

Facility lnitial Capacity

3,000 tpd with low bound
tonnage projeotion, 4,000
tpd with high bound
tonnage projection

Both
3,000 tpd (low bound
tonnage projection)

Hauling cost to WTE or
WEBR

lnclude or Exclude for both
WTE and WEBR

lnclude
Exclude (likely same as
current hauling cost)

Non-County Waste
Processing

lnclude, Exclude, or Partial lnclude
lnclude (more efficient
operation and cost per ton,
realistic revenue source)

Land Acquisition Cost
lnclude or Exclude for both
WTE and WEBR

lnclude
Exclude (highly variable;
assumes County property

used)

Ash Disposal Cost WEBR or Existing Landfill WEBR
Existing Landfill (lower cost
and available capacity)

Bypass Waste Annual Tonnage Bypassed 5,000 tons
0 tons (available storage at
facility)

Nonprocessable Waste

Percent of County waste
produced but not
processible at the WTE
facility

3.5%

5% or less (Other analysis
assumed 5%, but likely
lower based on waste
composition data)

Contingency
Percentage of Construction
Cost

3%
5% or less, West Palm
price already included

$22M in allowances (1.9%)
*red font indicates alternate achievable option different from Base Model

Financial model metrics reviewed include the following

. Total Construction Cost

. TotalO&M Costs

. Total O&M Revenues

. Total Net O&M Costs

r Total Costs
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. Total Cost Per Ton

. Net Present Value ("NPV") of Construction

. NPV of Net O&M Costs

Facility revenues are identified and discussed further in Section 3.10, Facility Revenue Analysis.

The modeled 3,000 tpd facility uses the low-bound tonnage forecast with anticipated 1,000 tpd expansion

to be completed in 2048 for total expanded capacity of 4,000 tpd. The modeled 4,000 tpd facility uses the

high-bound tonnage forecast with anticipated 1,000 tpd expansion to be completed in 2040 for a total

expanded capacity of 5,000 tpd. Therefore, the facility capacity selection is dependent on the anticipated

waste tonnage.

Table 3-15. Overall Financial Analysis Summary

Total Construction

Cost
$1,193,474,835 $690,187,680 $1,413,860,228 $2,572,836,051

Total O&M Costs $1,686,825,351 $717,846,837 $1,686,825,351 $8,094,904,540.78

TotalO&M
Revenues

$732,267,096 $341,497 ,157 $732,267,096 $3,704,303,169

Total Net O&M Cost $954,558,254.92 $376,349,680.65 $954,558,254.92 $4,390'601'371.35

Total Net Costs $2,148,033,090 $1,066,537,361 $2,368,418,483 $6,963,437,423

Total Net Cost Per

Ton
$107.40 $106.65 $118.42 $116.06

4,000 Bound Tonnage Case

Total Construction
Cost

$1,492,872,058 $863,329,391 $1,860,223,433 $2,990,682,128

Total O&M Costs $2,237,584,299 $892,336,917 $2,237,584,299 $10,172,184,068

TotalO&M
Revenues

$1,175,506,847 $457,653,011 $1,175,506,847 $4,263,063,438

Total Net O&M Cost $1,062,077,452 $434,683,906 $1,062,077,452 $5,909,120,630

Total Net Costs $2,554,949,509 $1 ,298,013,297 $2,922,300,885 $8,899,802,758

Total Net Cost Per

Ton
$95.81 $97.35 $9e.62 $112.18

The model includes a proforma to show estimated annual costs and escalation which is used to provide

the total term costs in the above table. This proforma includes capital cost as amortized annual costs over
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the term of the bond financing. The proformas for the base 3,000 tpd initial capacity and 4,000 tpd initial
capacity scenarios over the 50-year term are provided in Appendix C as the O&M Worksheet.

The financial analysis also includes NPV costs. The NPV analysis uses a 4.5% discount factor as dictated
by County policy. lt is assumed that the construction costs are fixed from the bid acceptance to the end of
construction, so estimated 2023 values equal 2028 values. Then the operations costs are discounted to
2028 values. The NPV cost per ton values are calculated using the total cost NPV divided by the total
tons processed during that NPV period. A summary of the NPVanalysis is provided in Table 3-16 and
Table 3-17.

Table 3-16. Net Present Value 3,000 tpd Facility project Costs
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Table 3-17. Net Present Value 4,000 tpd Facility Project Costs

The Financial Analysis Model has several worksheets used to perform the analysis. Modelworksheets for

the base 3,000 tpd initial capacity and 4,000 tpd initial capacity scenarios are included in Appendix C.

)

3.8 Financing Options

Construction of a large capital project, such as a WTE facility, is most often financed, as most entities do

not have the available funds to pay for the capital costs when constructed. There are a limited number of

financing options for large capital projects, with the most common being municipal bond financing.

Because the KCSWD is an enterprise fund which receives fees for the service provided, the County

would likely use a form of long{erm revenue bond financing. The bond financing interest rate is

dependent on the applicant's credit rating and is estimated for the purpose of this Study to be 4% based

on other recent County financings. lt is likely that issuance of General Obligation bonds or revenue bonds

with a general obligation guarantee would result in a lower interest rate. Bond financing terms can vary

and are determined during agreement development. For the purposes of this Study, a 30-year bond term

is being utilized.

Another financing option is for a third-party financing as part of a contract to design, build, and operate a

facility. This option typically costs more than the long{erm revenue bond financing option as the

contracting entity is taking on more risk for the project and the County would not have the advantages of

facility ownership. This option was not considered in the financial analysis of this project. Other options

are also available but are also likely more costly than the traditional long-term revenue bond financing or

are not available to the County. These include commercial paper, bank loans, and inter-fund borrowing.
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3.9 Regional Electric Mlarket and Regulatory Structure
Based on the Washington State Energy Profile provided by the U.S. Energy lnformation Administration,
eight of the ten largest power plants in Washington are hydroelectric facilities, making Washington the top
U.S. producer of hydroelectric power - routinely contributing more than one-fourth of the nation's total net
hydroelectric generation. Hydroelectric power typically accounts for about two-thirds of Washington's
electricity generation, and provides lower-cost electricity to the region, compared to power prices in other
states. Natural gas-fired power plants, the state's one nuclear power plant, wind turbines, one coal-fired
power plant, and biomass-fired power facilities, account for almost all of Washington's remaining net
electricity generation. Overall energy consumption in Washington is slightly below the national average on
a pet uapita basis. Because of its signlflcant hydroelectrlc generatlng capacity, Washington produces
more electricity than it needs to satisfy in-State demand and is an exporter of electricity to the Canadian
power grid and supplies power to 14 other western states.

The Grand Coulee Dam on Washington's Columbia River is the sixth largest hydroelectric plant in the
world and is the nation's largest electricity generating plant of any kind when measured by capacity. The
two largest nonhydroelectric power plants in the State are the Centralia coal-fired power plant and the
Columbia nuclear power plant. Centralia produced less than 5% of Washington's net generatio n in 2017 ,

and both plant's coal-fired units are scheduled to retire, one in 2020 and the other in 2025. Natural gas or
renewable-generated electricity is expected to replace the lost power. The Columbia nuclear power plant
has been in operation since 1984 and is the state's third largest generating facility. lt is located nearthe
Columbia River in the south-central part of the state on the U. S. Department of Energy's Hanford Site.
Wind is the foutlh largest source and the state's largest source of non-hydroelectric renewable electricity.

On average, about 80% of the state's net electricity generation originates from renewable energy, making
it second in the nation after California. Hydroelectric power represents about nine-tenths of the State's
renewable power generation. Wind and biomass account for most of the remaining renewable generation.
The State's first utility-scale wind project came online in 2001. Wind resource continues to be developed,
padicularly along the Columbia Gorge. More than 1 ,700 turbines with about 3,100 MW of capacity make
wind power the second-largest contributor to the State's renewable generation. Solar energy represents a
small fraction of the renewable energy generation, with almost all of it coming from rooftop and other
small-scale solar power installations. However, the State's largest solar energy project (180 MW is being
constructed at a former coal mine and scheduled to come online in 2020.

ln 2006, Washington adopted a renewable portfolio standard ("RPS') and an energy efficiency resource
standard requiring large utility companies to obtain 15% of their electricity from eligible renewable sources
by 2020, as well as to undertake cost-effective energy conservation. A wide range of renewables were
eligible, including wind, solar, geothermal, landfill gas, wave, ocean or tidal power, methane gas derived
from wastewater treatment, and biomass/biodiesel, Hydropower is included if efficiency improvements
were met. Waste to Energy is currently not included as a renewable source.

ln 2019, Washington passed the Washington Clean Energy Transformation Act ("CETA"), mandating
utilities reduce greenhouse gas emissions through several stages, beginning with the elimination of coal
power state-wide. Furthermore, CETA dictates that all retail electricity sales in Washington must be
carbon neutral by 2030. This goal can'be reached through various pathways, including the utilization of
renewable resources, non-emitting technologies, or by offsetting emissions through renewable energy
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credits. By 2045, all utilities in the state are mandated to obtain electricity from sources classified as

renewable or non-emitting. Failure to comply with the carbon neutral goals and subsequent renewable or

non-emitting goals will require utilities to pay administrative penalties based on the magnitude of the

compliance shortfall (i.e., $/non-com pl iant me gawatt-hour).

The single, existing WTE facility within Washington has received specific exemptions and exclusions

within the rule but will still need to meet a series of escalating requirements to continue to sell generated

electricity. To meet the carbon neutral requirements, new WTE facilities would likely require inclusion of

carbon sequestration or carbon capture to offset emissions or require a utility to also purchase renewable

energy credits to offset the carbon emissions of the facility. Absent modification of the rule, which can

certainly occur over the 25-year compliance period, after 2045 the sale of electricity within Washington

from a new WTE facility, even with carbon sequestration or capture, will be difficult. Municipal solid

waste, as currently defined in the rule, is not considered biomass and therefore it is our interpretation that,

under the current rule, electricity recovered from a WTE facility would not be considered renewable

energy. Similarly, as currently defined, "Nonemitting electric generation" means electricity from a

generating facility or a resource that provides electric energy, capacity, or ancillary services to an electric

utility and that does not emit greenhouse gases as a by-product of energy generation." This non-emitting

language could affect all WTE and landfill gas power generation unless revised in the future or the

definitions are interpreted by regulators or legislators to allow for flue gas carbon capture that would

completely remove all carbon from the stack flue gases.

These factors all affect the potential facility revenue from electrical generation sales as well as the design

of the facility. Adoption of the RPS requires large utility companies to obtain an increasing proportion of

their energy from renewable sources, which may encourage the local utility to purchase powerfrom the

WTE facility or may discourage WTE depending on the evolution of the RPS/CETA and whether or not

electricity generated by a WTE facility is redefined to be renewable. The way existing hydropower is

considered relative to a utility's compliance with the RPS will also have a significant effect on the overall

viability of the sale of electricity that is produced by the WTE facility. Even so, because hydroelectric

generated power, which is the source of most of the electric generation in Washington, is one of the

lowest price generating types, electricity pricing will likely remain relatively lower and stable over time.

Also, because Washington is mandating carbon-neutral electrical sales (and ultimately carbon-free), the

capital cost of the facility includes additional estimated costs for carbon sequestration. This and other

greenhouse gas impacts are discussed further in Section 3.12 Greenhouse Gas lmpacts.

3.10 Facility Revenue Analysis

There are several opportunities for revenue from a WTE facility including electricity sales, materials

recovery and tipping fees. Dependent upon the electricity market, revenues from electricity sales can be

one of the more significant revenue sources. Additional revenues are often realized through recovery of

metals from the waste stream, usually post combustion. More recently with the development of ash reuse

methodologies and advanced metals processing equipment, focus has been placed on possible re-use of

aggregate materials from the post combustion ash. Recovered WTE aggregate is a developing market

with revenues dependent on area market and demand. Another revenue source is from tipping fees for

disposal of waste at the facility, and is dependent on the owner of the facility, facility customers, and
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facility capacity. These revenue sources and applicability to the potential County WTE facility will be
discussed in this section.

The revenue estimates use current estimates as Facility Operation Year 1 prices in the WTE financial
model, and therefore are conservative estimates for potential facility revenues. Actual revenue experience
during the first year of operation, potentially eight years after starting the planning process, may be higher
than estimated due to economic inflation.

3.10.1 Energy Revenues

Power Pricing and Escalation

Washington is a net electrical energy exporter and is already about 80% renewable electricity generated if
existing hydroelectric is considered. Hydroelectric is one of the lowest price generating types, particularly
if debt service has been retired, which will keep electricity pricing relatively lower and stable over time.
Many of the largest hydropower facilities are owned / operated by the Federal Government. The plants
are as old as 60 years. So, dependent upon reinvestment needs, pricing could be pushed up a bit over
time to maintain operability / functionality. The greatest risk over 20 years would be if any of the facilities
needed to be decommissioned or if weather changes dramatically enough to have a significant effect on
flows and consequently operation and output of the hydropower facilities. A coal plant that provides
roughly five percent of the State's power is being retired. However, excess hydroclectric generation is
available. Because the Mid-Columbia Zone serves 14 Western States and ties into the Canadian grid,
electricity sales and market conditions are driven by more than just Washington's in-State energy use /
dynamics.

Power prices do not necessarily correlate precisely with inflation. The escalation rate for electricity is
influenced by several variables including source makeup within a region, regulatory changes, and market
conditions. Electricity pricing for the various sectors in Washington for May 20'18 arrcJ May 2019 are
shown in Table 3-18 below (pricing is in cents/kWh).
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Table 3-18. Washington Sector Electricity Pricing

May 18 May 19 May 18 May 19 May'18 May 19 May 18 May 19 May 18 May 19

9.81 9.70 8.74 8.62 4.44 4.37 9.32 9.00 7.82 7.69

Based on an evaluation of historic day ahead market ("DAM') pricing since 2008, it appears that pricing is

nearly flat with some variability over time, both upward and downward as shown in Figure 3-4 below.
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Figure 34. Weighted Average Day Ahead Market Pricing for 2008 - 2018

The weighted-average day ahead market pricing for each year during the period is shown below in Table

3-'19.

Table 3-'19. Weighted Average Day Ahead Market Pricing by Year

2008 61.18

2009 35.85

201"0 35.97

20rt 29.42

2012 23.03

2013
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201,4 38.82

2075 26.05

20L6 22.96

20r7 26.r9

2018 37.40

Since the beginning of 2019, the average weighted day ahead market pricing is $41.71lMWh, but is
heavily biased by a prtce ot $890.56 on March 1't. Excluding this data point, the average for the year to
date is $35.34/MWh. Reoognizing that most of thc clcctricity within Washington is produced by
hydroelectric generation, which is not subject to fuel pricing variability, lesser price escalation would be
expected over time when compared against regions with greater reliance on natural gas-fired generators,
Forthe purposes of future revenue simulation from electricity sales, a current day ahead market price of
$35.00/MWh, escalated at 15% annually seems appropriate and is included in the WTE financial model.

The 2019 high price, excluding the March 1st outlier, was $38.68/MWh, which is 1 0.5 percent higher than
the average. The 2019 low price, excluding the March 1st outlier, was $3'l .67lMWh, which is 9.5% lower
than the average. These were also used in the WTE financial model to perform a type of sensitivity
analysis of the electrical market price. Over the first ten-year term, the electrical revenues for a 3,000 tpd
facility could be $23.6M more or $21.4M less than revenues at the average rate. The electrical revenues
for a 4,000 tpd facility could be $31.5M more or $28.5M less than revenues at the average rate. This
results in either a decrease in cost per ton of $2.27 if the high rate is realized, or an increase in cost per
ton of $2.23 if the low rate is realized. The results are summarized in Table 3-20 below.

Gonnection Costs and Gharges

There are typically connection / tie-in costs with utilities and, dependent upon the approach used for sale
of electricity (i.e., Power Purchase Agreement, participation in wholesale market, etc.) wheeling /
transmission costs could also be incurred. Unlike smaller, behind the meter distributed electrical
generation, relative to the overall costs of a WTE facility, interconnection costs are typically relatively
insignificant and are adequately accounted for in the capital costs for substation design. Similarly, while
wheeling / transmission costs could be incurred if direct Power Purchase Agreements ("PPA") are
entered, using a value of $35.00/MWh should conservatively reflect any such charges. Retail electricity
rates in Washington across all sectors is approximately $78.00/MWh. So, the assumption is that a Power
Purchase Agreement would only be entered into if the net value of the electricity sale, reflective of
wheeling / transmission costs is greater than the wholesale day ahead market pricing described above.

Other Model Estimates

Other WTE facilities often receive a capacity payment for providing a reliable, baseload electrical supply /
capacity to the local electrical system. This capacity payment can be paid up front, monthly, or at the end
of the PPA term, depending on negotiations and terms of the agreement. Capacity payments at other
facilities vary and are dependent on the PPA negotiation and local utility regulatory requirements. For this
WTE financial model, no capacity payment or guarantee has been included. As opposed to other
renewable sources like wind and solar, hydroelectric generation provides a stable generation output. This
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fact, coupled with the low cost of the local hydro-electric power supply and the fact that Washington is a

net exporter of electricity, makes it unlikely that the facility will benefit from addittonal capacity guarantees

lf the market changes and a capacity guarantee can be negotiated, it could have a favorable impact on

the project financial analysis.

Other WTE facilities also sometimes receive revenues from the sale of green energy credits. This is

dependent on the market for green energy credits and development of sales agreements for these

credits. As there is no current Federal green energy credit for WTE and no Washington market for sale of

these credits, it is unlikely that these credits could be achieved unless legislative changes occur. For this

WTE financial model, no green energy credit revenue is included, but as with inclusion of a capacity

guarantee, if green energy credits could be sold, it could have a favorable impact on the project financial

analysis. With successful carbon capture and sequestration technology, it is likely that carbon credits

could be sold for a revenue stream outside of Washington State.

Table 3-20 provides the '10-year total energy revenues for the base 3,000 tpd and 4,000 tpd scenarios.

Table 3-20. Estimated Energy Revenues

Average = $35.00 / MWh

Electrical Capacity Revenues $o $o

Average Electrical EnergY

Revenues
$224,757,000 $299,676,000

Green Energy Credit Revenues $o $o

Percent of Revenues 65.8% 65.5%

WTE Facility Total Cost Per ton $106.65 $97.35

High-$38.68/MWh

Average Electrical Energy

Revenues
$248,389,000 $331 , 1 85,000

Percent of Revenues 68.0% 67.7o/o

WTE Facility Total Cost per ton $104.29 $94.99

Low=$31.67/MWlt

Average Electrical Energy

Revenues
$203,373,000 $271 ,1 64,000

Percent of Revenues 63.5% 63.2%

WTE Facility Total Cost Per ton $108.79 $9e.49

3.10.2Metals and Ash BY-Products

WTE facilities often recover recyclable metals from the waste stream, often post-combustion, to sell as a

revenue source. Many older facilities have added metals recovery systems to their facilities, realizing a
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return on their capital investment typically within 3-5 years. New facilities include design and construction
of metals recovery equipment to realize these revenues immediately. Recently, there is also
advancement in metals recovery, where equipment is now able to separate more precious metals with
less unwanted residue in the product metals, therefore receiving a premium price for the metals recycled.
lnclusion of AMP is included in the capital cost estimate for the County facility and therefore the
recovered metal estimates.

Ferrous and non-ferrous estimates are based on the County waste composition numbers indicating 4.7%
unrecovered metals in the waste to the landfill, Assuming 28.3o/o ash generation from the waste, it is
estimated that there are approximately 16.6% metals in the ash stream. This is separated into
approximately 15% ferrolts and I 5o/o non-ferrous, The metals recovery rate is estimated at g8% reoovery
based on West Palm Beach reference facility and experienced increases in recovery with AMP facilities.

Metal market prices can fluctuate monthly. The national index is the direct wholesale price for metals,
which is not usually directly achievable from WTE facility recovered metals because the metals are
usually sold to a third party for transport and wholesale marketing. Considering ferrous direct wholesale
prices of about $300 per ton, national average actual scrap metal prices, and cleaner metals from AMp
equipment, the estimated price used forthe County to realize as revenues is $120 perton forferrous at
Year 1 of operations, escalated using the operations CPl. Direct wholesale prices for non-ferrous metals
is about $900 per ton, and considering cleaner metals from AMP equipment, the estimated price used for
non-ferrous is $700 per ton at Year I of operations, escalated using the operations CPl. These revenues
are slightly higher than the revenues that are being seen at comparable facilities that do not have AMp.

The WTE financial model assumes no revenue share for metals, but if metals revenue share is
negotiated, it would typically result in a lower O&M fee to the operator and incentivizes the operator to
operate the AMP to increase recovery and quality.

Aggregate reuse from WTE facility ash is in development at several WTE facilities. Based on the Arcadis
Team project knowledge and consistent with reasonable best-case scenario for landfill capacity model, it
is assumed thal 57% of ash residue is recoverable aggregate. The WTE financial model assumes no
revenue for the aggregate recovered, but that recipient will pay hauling costs off site. The recovery of
aggregate for reuse also reduces the cost of ash disposal by removing that portion from the ash stream.
Therefore, with metals recovery through an AMP and aggregate recovery, it is currently estimated that
74% of the ash residue is reusable.

Table3-21 providesthel0-yeartotalrecoveredmaterialsrevenuesforthebase3,000tpdand4,000tpd
scenarios.
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Table 3-21. Estimated Recovered Materials Revenues

Ferrous Revenues $57,229,000 $76,305,000

Non-Ferrous Revenues $33,384,000 $44,511,000

Aggregate Revenues $o $0

Total Recovered Materials

Revenues
$90,613,000 $120,817,000

Percent of Revenues 27.6% 27.3%

3.10.3 Additional Waste Disposal Gapacity Revenues

Privately-owned WTE facilities receive significant revenues from the tipping fees received for the waste

delivered and processed. Publicly owned facilities receive revenues from the rates charged to residents

and customers for waste disposal, which are usually monthly or annual charges rather than per ton

charges. Some publicly owned facilities also accept additional waste or out of area waste for a fee per ton

(tipping fee). The West Palm Beach reference facility currently has excess waste disposal capacity, and

so marketed that capacity and receives revenues for the out-of-County waste through a fee paid by these

customers. The ability to receive other waste is dependent on the capacity of facility constructed and

actual tonnage received from the base market or rate payers, which is used to determine the remaining

capacity. The revenues will be dependent of the amount of other waste and the tip fee charged for

disposal of that waste. There also needs to be a supply or source of additional waste that can be

economically delivered to the Facility. ln addition, WTE facilities operate more efficiently when they

process the design or maximum capacity of waste and therefore, additional benefits in efficiency can also

be realized by processing waste at the capacity of the facility.

The WTE financial model currently includes acceptance of non-County waste for remaining facility

capacity above the anticipated tonnage forecast and the County receiving revenue for disposal of the out-

of-County tonnage. Non-County waste considered here is waste not provided by the partner cities

(currently 37 cities) in the current ILA with King County or currently within King County's control, but could

be from other municipalities, private haulers, or outside the County. The non-County waste tip fee is

competitively estimated at $35 per ton based on approximate $11 per ton cost to transport to facility and

current tip fee for disposal by Snohomish County of $50 per ton. The model includes escalation of the tip

fee annually based on the operations CPl. The available capacity and the revenue projected depends on

the initial facility capacity and the projected waste tonnage. lt is important to note that due to the lower

fee, these are typically negotiated as on-demand style disposal that can be turned off or cut back by the

County at any time. This allows for flexibility in managing waste flows to the facility during outages and

limits the amount of bypass waste during scheduled or unscheduled outage events. Table 3-22 provides

a summary of non-County waste capacity available and estimated revenues for the 3,000 tpd and 4,000

tpd facility sizes and the corresponding percent that this revenue stream is of the total revenues for the

facility.
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lable 3-22. Estimated Additional Waste Disposal Capacity Revenues

Available Non-County Waste 663,1 71 977,720

Non-County Waste Reven ues $26,127,000 $37,160,000

Percent of Revenues 7.7% 8.1%
"3,000 tpd facility assumes low bound vi aste tonnage. and 4 000 tpd facility assumes high bound waste tonnage

3.10.4 Facility Revenue and Expense Summary

Figure 3-5 and Figure 3-6 display the estimated facility revenues comparecJ with the srrhtotal of facility
expenses, not including annual amortized capital costs. The net O&M cost would be the total of facility
O&M expenses less the facility revenues, and is indicated by the grey space between the top of the
stacked revenue bars and the top of the expenses shaded area. The costs per ton presented in this
report use the net costs, which deducts the estimated facility revenues.

WTE Facility Revenues and Expenses
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Figure 3-5. Facility Revenue and Expenses - lnitial 3,000 tpd Capacity
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Figure 3-6. Facility Revenue and Expenses - lnitial 4,000 tpd Gapacity

3.11 Regulatory Environment

The siting, construction, and operation of a WTE facility in the County will involve many regulations,

numerous agencies, and extensive public involvement. Table 3-23 identifies the major regulations that

are applicable to WTE.
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Table 3-23. Major WTE Applicable Regulations

W
Federal

The Clean Air Act
(cAA)

42 U.S.C
ch. 85

Describes the comprehensive federal
responsibilities for protecting air quality

https://www. epa. g ov/clea n-ai r-act-
overview

Resource
Conservation and
Recovery Act
(RCRA)

42 U.S.C.
ch. 82

Dictates the federal requirements for
management of hazardous and non-
hazardous solid waste, including MSW,

https://www. epa.gov/rcra

Ulean Water Act
(cwA)

33 U.S.C.
ch. 26

Covers federal responsibilities to regulate
water pollution.

https://www. ep a. g ov/laws-
regr rlalinns/sr.rmmary-clean-water-act

State

State
Environmental
Policy Act (SEPA)

wAc 197-
11

Defines a process to ensure that
environmental impacts are considered in
state proposals.

https://ecology.wa. gov/reg ulations-
permits/SEPA-environmental-review

Washington Clean
Air Act

70.94
R.C.W

Enforces the federal CAA and further
defines air pollution protection standards in
WA.

https://app. leg.wa.gov/RCWdefault. as
px?cite=70.94

Solid Waste
Management Act

70.95
R.C.W

Outlines solid waste management,
specifically reduction and recycling.

Itttps://app. leg.wa. g ov/r cw/defau lt. aspx
?cite=70.95

Minimal Functional
Standards for
Solid Waste
Handling

wAc 173-
304

Describes requirements under 70.95
applicable to waste management, including
landfilling and incineration practices.

https://apps. leg.wa. govAiVAC/default. a
spx?cite= 1 73-304

Special lncinerator
Ash Management
Standards

wAc 173-
306 Specifies requirements for disposal of ash https: //apps. leg.wa. govA//AC/defa u lt. a

spx?cite= 1 73-306

Water Pollution
Control

90.48
R.C.W

Outlines requirements relevant to the
protection of water quality in Washington
including stormwater and wastewater
discharge.

https://app. leg.wa. gov/rcw/defau lt. aspx
?cite=90.48

Dangerous Waste
Regulations

wAc 173-
303

Determines requirements for dangerous
waste, including residues from WTE
facilities.

https://app. le g.wa. g ov/wac/defa u lt. asp
x?cite=173-303

On May 7,2019, the governor signed into law CETA. As described in Section 3.9, this law requires the
following:

. All electric utilities must eliminate from electric rates all costs associated with delivering electricity
generated from coal-fired power plants by December 31,2025.

. All retail sales of electricity must be GHG neutral by January 1, 2030.

. Electric utilities must meet 100 percent of its retail electrical load using non-emitting and renewable
resources by January 1,2045.
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New WTE facilities are not exempt under this law and MSW is not included in the definition of "biomass

energy". Therefore, CETA requires that a new WTE facility must be carbon neutral by January 1, 2030 in

order to sell the electricity generated from the combustion of MSW on the retail market.

It is currently unclear if emission credits for enhanced recycling of ash using AMP and/or other offsets

from improvements in waste collection or recycling can be applied to WTE to demonstrate GHG neutrality

for the January 1, 2030 CETA deadline. lf recycling or process improvement emission credits are not

allowed, then the County may need to employ carbon sequestration technologies to reduce COz by 2030.

lf recycling credits are allowed and utility credits remain in effect, then the GHG evaluation presented in

this Study shows that WTE is at least carbon neutral.

Considering the uncertainties in the operational effectiveness of flue gas carbon sequestration at the

scale of a 3,000 tpd to 5,000 tpd WTE facility, Direct Air Capture ("DAC") technology is considered a more

viable option to reduce COz levels at this time. DAC is a technology that captures COz from atmospheric

air and provides it in a purified form for sale or storage.

3.12 Greenhouse Gas lmpacts

This section discusses GHGs associated with a WTE facility. lt identifies the types and sources of GHG

emissions; describes the methods, assumptions, and limitations of the GHG evaluation used in this

Study; summarizes the results of the GHG evaluation; and discusses factors that may influence GHG

estimates. A similar GHG evaluation for landfilling at an out-of-County landfill using WEBR is provided in

Section 4.6, and a comparison of GHG evaluation results for WTE and WEBR is included in Section 5.5.

Other air quality environmental impacts associated with WTE are discussed in Section 3.13.

3.12.1Types and Sources of GHG Emissions for WTE

Combustion of MSW in a WTE facility results in the emissions of carbon dioxide ("COz") and nitrous oxide

("NzO"). Carbon dioxide is the most significant GHG emitted by WTE. Nitrous oxide is produced at much

lower concentrations in a WTE facility compared to COz, but is a more potent GHG with a global warming

potential ('GWP') 298 times that of COz. Carbon dioxide from WTE is primarily emitted as a product of

combustion and from transporting the residual waste ash to a landfill. Furthermore, GHG emissions

(primarily COz) would be generated from WTE facility construction activities (e.9., worker transportation,

truck delivery of supplies, raw materials, etc.) and from operations of the WTE facility (e.9., truck

deliveries of supplies, worker transportation, etc.).

Construction and miscellaneous operational-GHG emissions (e.9., raw materials, delivery of supplies,

worker commute) from a WTE facility are currently difficult to estimate. However, GHG emissions

associated with these activities should be a relatively small component of the overall lifetime GHG

emissions considering the long-term duration of the WTE facility (e.9. 2075). Likewise, GHG emissions

from construction and operation of an IMF associated with the WEBR waste disposal strategy is a minor

component compared to the lifetime of WEBR. GHG emissions from construction and operation of a WTE

or IMF facility are therefore not quantified in this Study and are not anticipated to be a major factor in the

County's decision regarding the potential selection of WTE or WEBR as the County's next waste disposal

strategy.
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3.12.2 Methods and Limitations

GHG emissions were estimated using the default Microsoft Excelversion of the WARM model ("Method
'1"). Additionally, the emission factors and emission credits in the WARM modeldocumentation were used
to provide a more refined GHG estimate ("Method 2"), The WARM modelwas created by USEPA's Office
of Resource Conservation and Recovery to assist municipal waste planners in making better decisions
with respect to GHG emission mitigation from waste and uses a life cycle analysis ("LCA') approach. The
WARM model was selected for this Study because of its popularity with U.S. regulators and its
widespread use in the U.S. solid waste industry. The WARM modelwas first developed in 1998 and has
undergone 15 revisions since this time to keep abreast with current practice and emissions data. The
current version of the WARM ntodel was rrrade availa[.rle Lu tlre publiu irr May 20 19.

Tlte WARM model uses a streamllned, lnventory-focused LCA approach. WARM looks at GHG emissions
from a "waste generation reference point" which solely considers GHG emissions that occur once the
material has been discarded. This contrasts with many other LCA approaches, which include the full life
of a material's emissions, including the extraction of raw materials and the phase in which the materials
are in active use. This streamlined approach was determined by the USEPA to be the most appropriate
LCA method for comparing alternative waste management strategies in terms of net GHG emissions from
non-biogenic carbon. lt considers the following GHG emissions and offsets for WTE:

. Gross emissions of COz and NzO from combustion of MSW

. Gross CO2 enlissiorrs frorn transportatiorr of ash residuals to a landfill

. Offset for avoided COz emissions from electric generation, and

. Offset for avoided COz emissions from metals recycling of the ash.

Total GHG emissions for a WTE facility such as emissions reported using USEPA's electronic
greenhouse gas reporting tool ("eGGRT") are not evaluated in this Study as an LCA approach is
considered more appropriate to compare alternative waste management strategies. Due to its
streamlined LCA approach, the USEPA WARM model does not quantify annual emissions from a WTE
facility, because it does not explicitly model the timing of GHG emissions. Thus, the GHG emissions
presented in this Study should only be used to compare the benefits of alternative waste management
strategies, not to compare with actual annual GHG emissions reported in traditional GHG inventory tools
like eGGRT. As a general note and comparison, the Arcadis Team has seen eGGRT reporting for WTE
facilities which breaks down to roughly 0.39 metric tons of anthropogenic COz equivalents per ton of
MSW processed. These GHG emissions would need to be directly offset with carbon capture and
sequestration technology in order to meet the CETA requirement for 100% renewable or non-emitting
electricity by 2045, with no provisions for offsets. Off-sets for avoided emissions for landfilling or for AMP
and ash recycling may be sufficient to demonstrate GHG neutrality by 2030 of approved by the
Washington State Department of Commerce and the Utilities and Transportation Commission.

The WARM Model compares GHG emissions between alternative waste management strategies using
only a few input parameters. These input parameters define the emission factors the model uses to
estimate net GHG emissions. For the WTE analysis, the waste composition and the State where the WTE
facility is located are important input parameters.
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Several emission factors in the Microsoft Excel version of the WARM model cannot be adjusted within the

model. For example, the user cannot adjust emission factors to account for rail versus truck transport or

increase emission factors to account for advanced recycling of metals (including non-ferrous metals,

which are not included in the WARM model) or allow for higher recycling of ash due to advanced metals

processing or ash reuse. Due to these limitations, both the Microsoft Excel version of the WARM model

("Method 1") and a County-specific WARM model analysis ("Method 2")were used to estimate GHG

emissions. ln the later analysis, emission factors in the WARM model documentation were used and

sometimes modified to reflect more refined assumptions based on professionaljudgment. Further

information related to the WARM Model emission factors and assumptions underlying these emission

factors is provided in Appendix D.

Method 2 refinements to the WARM model emission factors and emission credits included:

Reduced the emission factor for short haul trucking by 20 percent to account for lower emissions from

rail compared to trucks.

Adjusted transportation emission factor for ash disposal compared to disposal of MSW by WEBR to

account for smaller quantities of ash compared to MSW, thus allowing an apples{o-apples

comparison of WTE and WEBR.

lncreased the emission factor credit for ash recycling the same amount as Method 1 to account for

advanced metals processing and expected future ash reuse.

3.12.3 Assumptions

Key assumptions for the Method 1 GHG emission estimates were as follows:

. GHG emissions from MSW combustion were estimated based on the "Mixed MSW" category in the

WARM Model. This composition is based on national MSW characterization studies.

. Washington (Pacific Region) was selected for calculating avoided electricity-related emissions.

. LFG recovery is used for energy recovery.

. Typical operation (Default) of LFG recovery system.

. Dry (MSW decay rate, k= 0.02).

. Travel distance of 20 miles to WTE facility.

The following additional assumptions were made to determine GHG emissions avoided for increased

recycling of metals due to AMP:

. An additional 0.014 tons of metals would be recycled per ton of MSW due to AMP. This includes an

additional 0.003 tons of ferrous metals and 0.01 1 tons of non-ferrous metals.

. The 0.014 tons of additional metals recovery was calculated assuming:

o Metals make up 4.7 percent of the MSW (0,047 tons of metals per ton of MS\A/)

o 76Yo of metals are ferrous (0.036 tons per ton) and 24o/o of metals are non-ferrous (0.01 1

tons per ton)

o

o
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o AMP will increase the amount of ferrous metals recovery from 90% to 98% (increase from
0.032 tons per ton to 0.035 tons per ton for a net difference of 0.003 tons of ferrous metals
per ton of MS\A/)

o AMP will increase the amount of non-ferrous metal recovery from 0% to 98% (net increase of
0.01 1 tons of non-ferrous metals per ton of MS\A/)

. Non-ferrous metals were modelled using the WARM model aluminum can category (0.011 tons).
Ferrous metals were modelled using the WARM model steel can category (0.003 tons).

The following additional assumptions were made to determine GHG emissions avoided due to ash
recycling:

. Ash is 7 .Soh of MSW (0.075 tons of ash per ton of MS\A/).

. Ash was modelled using fly ash category.

r Compared landfill 0.075 tons of fly ash versus recycling 0.075 tons of fly ash.

Key assumptions for the GHG analysis using Method 2 for WTE are as follows:

. GHG emissions from MSW combustion were estimated based on the "Mixed MSW" category in the
WARM Model.

a GHG emissions for truck transportation of MSW from the point of collection to WTE facility or IMF
were assumed to be the same and are therefore not included in the Study.

Trucking distance from WTE facility to IMF facility is 20 miles (if required for ash disposal).

Rail distance from IMF to out-of-County landfitl is 320 mites.

0.075 tons of ash will be recycled per ton of incoming MSW.

To allow applesto-apples comparison with WEBR transportation GHG emissions, the emission factor
for truck and rail transportation used for WEBR was multiplied by 0.075 for WTE to account for lower
tonnage of ash compared to MSW.

The emission factor used for truck transportation of ash from the WTE facility to the IMF is 0.008
metric tons of COz equivalent per short ton of MSW (MTCO2E/ton). This is 7 5% of the emission
factor for trucking all the MSW to an lMF.

The emission factor per mile used for rail transportation is 0.002 MTCO2E. This assumes that the rail
emission factor is 20 percent of the truck emission factor per ton-mile and 7 .5o/o of the MSW in ash
requires landfill disposal.

Utility COz emissions avoided are based on the WARM model emission factor for the mixed MSW
category in the Pacific Region (California, Oregon, and Washington). The WARM model uses "non-
baseload" emission factors from USEPA's Emissions and Generation Resource Integrated Database
(eGRlD). The national average WARM model credit for utility offsets nationally is 0.038 MTCO2E/ton.
ln contrast, the credit for utility offsets in the Pacific Region is 0.026 MTCO2E per ton of MSW.

To account for AMP of ferrous and non-ferrous metals and beneficial reuse of the ash, an additional
off-setof0.0lSMTCO2Epertonof MSWwascredited. The0.0lSMTCO2Epertoncreditwas
determined using Method 1 using the assumptions described above.

o

a

a

a

a

a

a
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3.12.4 Results

The net GHG emissions for WTE per ton of MSW combusted is -0.05 MTCO2E based on the Method 1

calculation method. Results of Method 1 analysis are summarized inf able 3-24.

Table 3-24. GHG Results for WTE using Method 1

Net GHG Emissions, excluding ash recycling (z) 0.13 Appendix D, Table D-1

Emission Credit for AMP (3) -0.'11 Appendix D, Table D-2

Emission Credit for Ash Recycling (s) -0.07 Appendix D, Table D-3

Total Net Emissions -0.05

(1) Net GHG emissions assume short haul trucking of 20 miles to WTE facility. Mileage to WTE facility was assumed to be 20-

miles.
(2) Emission credit for AMP assumes additional 0.003 tons of ferrous metals and 0.01 1 tons of non-ferrous metals can be

recovered with AMP. This assumes: 4.7o/o of MSW is metals, 76% of metals is ferrous and 24oA is non-ferrous; AMP recovery

is 98% ferrous and non-ferrous; non-AMP metals recovery is 90% ferrous and 0% non-ferrous. Non-ferrous metals were

assigned to aluminum can WARM category.

(3) The emission credit for ash recycling was calculated using the WARM model Method 1. lnputs: 0.075 tons of ash per ton of

MSW; composition: fly ash.

A copy of the WARM Method 1 results and applicable WARM documentation is included in Appendix D.

Following guidance in the WARM model documentation, Method 2 utilized emission factors and emission

credits for the following gross emissions and avoided emissions to determine net GHG emissions for

WTE. Emission factors and emission credits for the following were obtained from the WARM model

documentation.

. Gross CO2 emissions from non-biogenic components of MSW.

. Gross N2O emissions from biogenic and non-biogenic components of MSW.

. Emissions of CO2 from truck and rail transportation of waste ash to an out-of-County landfill.

. Emissions avoided from utility generation in Pacific Region.

. Emissions avoided from increased recycling of metals from AMP.

. Emissions avoided from recycling of ash.

Table 3-25 summarizes the results of the GHG evaluation for WTE. Sources for the GHG emission

factors in the USEPA WARM Model are also presented.
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Table 3-25. GHG Results for WTE using Method 2

COz and NzO from MSW Combustion (3) 0.42 Table 5-1(e) minus Table 5-1(d)

Truck transport of ash from WTE to IMF 0.008 7 .5% of 0.01 (Table 5-1(d))

Rail transport of ash from IMF to landfill 0.002 7 .5% of 0.032 (Table 5-1 (d) / 20 x 0.2 x 320)

Avoided Utilities - Washington -0.26 Table 5-5 (national value is -0.38)

Avoided emissions - steel recovery -0.04 Table 5-7

Avoided emissions - AMP -0.11 Appendix D, Table D-2

Avoided emissions - ash recycling -0.07 Appendix D, Table D-3

Total -0.05

Notes

(1) MTCO2E/ton = metric tons of carbon dioxide equivalent per short ton of MSW
(2) See Appendix D for WARM documentation
(3) The gross GHG emissions from MSW Combustion are based on national average values which

include older WTE technologies. The GHG emissions from a new WTE facility would presumably
be less due to advances in combustion technology. Addttronally, the percentage of plastics in
MSW is reportedly higher nationally than in King County (e.g., 18.3% versus 12.2%, suggesting
that the WTE GHG emissions for the King County waste composition may be less than national
averages).

3.12.5 Factors that Affect Results

Factors that affect the GHG estimates for WTE include:

. Waste composition

. Utility off-set credits

. Ash reuse credits and provision of local ash disposal

. Carbon sequestration credits

Each of these factors are discussed below.

3.1 2.6 Waste com pos ition

The waste composition primarily affects the GHG calculations for WTE in three ways. First, it defines the
emission factors for gross COz and NzO emissions (e.g., waste compositions with higher amounts of
plastics and other non-biogenic carbon, such as synthetic rubber and certain types of textiles, will have
higher emission factors). Second, it affects the emission factors for utility off-sets (e.g., wastes with higher
heating values such as dimensional lumber, tires, and carpet generate more electricity per ton combusted
and therefore have higher utility off-sets). Third, it affects the avoided GHG emissions from recycling of

arcadrit riom

3-53



WASTE-TO-ENERGY AND WASTE EXPORT BY RAIL FEASIBILITY STUDY

metals in the residual ash. Waste streams with higher amounts of steel cans and metal-containing

electronic devices will have higher off-sets for metals recycling of the ash.

As noted above, the amount of petroleum-based plastics in the MSW strongly affects GHG emissions for

WTE. The increasing trend on the use of biodegradable plastics could have a dramatic effect on GHG

emissions for WTE. lf biodegradable plastic were to significantly replace petroleum-based plastics, then

GHG emissions for WTE would decrease significantly.

3.12.7 Utility Off-Set Credits

As noted above, the credits for emissions avoided from utility generation are expected to decrease over

time as Washington State increases its use of "clean" energy sources. Decreased utility credits may be

off-set by increased recycling of ash and metals, or potentially from increased recycling in the solid waste

system.

3.1z.BAsh Recycling Off-Set Credits and Local Ash Disposal

The WARM model provides a GHG emission credit for recycling of metals in residual ash. The current

credit is 0.04 MTCO2E/ton, which is based on national averages. The USEPA WARM model only

provides credits for the recovery of ferrous metals such as steel, and not non-ferrous metals such as

copper, bronze, aluminium, and stainless steel or precious metals such as gold and silver. Policies and

actions that would increase recycling and reuse of ash could reduce net GHG emissions for WTE by

increasing recycling credits.

ln the event that the County is able to use a local ash disposal alternative, the GHG emissions for this

option will be less by approximately 0.01 MTCO2E/ton.

3,12.9 Carbon Seq uestration

Two strategies for achieving GHG neutrality for WTE include COz removal and sequestration and

increased off-sets from enhanced recycling of the MSW prior to or after combustion.

The first strategy involves removing and sequestering atmospheric or flue gas COz at the WTE facility to

achieve GHG neutrality. There are currently no large-scale proven, commercially available technologies

to remove and sequester COz from the flue gas for the size of a WTE facility required by the County.

However, these technologies do exist and have been proven on a small scale. Cost have already been

included in the WTE financial model based on demonstration technology in Vancouver, Canada for COz

removal from air. The cost assumes that the air-cleaning technology would be housed and powered

directly onsite and used to directly offset flue gas GHG emissions in lieu of direct flue gas cleaning, which

is considerably more complicated. The calcium carbonate tablets removed could either be sold as a

revenue stream or directly sequestered if needed to comply with State rules.

The second strategy to achieve GHG neutrality is to increase off-sets by increasing MSW recycling rates.

It is unknown whether off-sets of this type would be allowed by the State and County. The USEPA GHG

equivalency calculator (https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator) was used

to estimate an incremental amount of MSW needed to be recycled to off-set the emissions of a WTE
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facility. The amount of COz reductions required by sequestration and recycling to achieve GHG neutrality
based on the analysis conducted in this Study are presented in Table 3-22.

3.13 Transportation lmpacts and Needs

Transportation impacts for a WTE facility are anticipated to be similar to those associated with the current
landfill practice at Cedar Hills, although the impacts would be shifted from Cedar Hills to the WTE facility
location if the WTE facility is not sited at Cedar Hills. As with landfills, MSW is routed from transfer
stations to the WTE facility using similar garbage trucks. This Study assumes that the transfer stations
would be 20 miles from the WTE facility. A summary of these vehicle trips and mileage is presented
inTable 3-26. Addltlonal traffic impacts may anse trom ash and bypass waste disposal depending on the
ability of the facility to accommodate these wastes. WTE faoilities with onsite disposal capabilitics will not
have additional transportation or traffic impacts from these wastes. lf out-of-County disposal of the ash is
required; however, the materials would have to be trucked to an IMF before being shipped by rail. For
planning purposes, the out-of-County landfill is estimated to be 320 miles from the WTE facility. Ash
disposal estimates assume that ash is 23o/o of total MSW in 2025, decreasing to 7 .5o/o in 2040 and 2075
to account for improvements in recovery and reuse. Bypass waste was set as 5% of annual MSW, which
is higher than anticipated by the Arcadis Team. Estimates for anticipated transport requirements between
2025 and 2075 are presented in Appendix E - Transport and Rail-haul Costs.

Other transportation considerations for a WTE facility include the route transport of reagents and metals
recycling. lnitial facility construction would also account for some traffic impacts in the form of several
hundred construction staff vehicles and truck transport for equipment and supplies.

Table 3-26. 2025 WTE Transportation lmpacts

Low Estimate High Estimate Low Estimate High Estimate

Total Vehicle Trips 49,117 57,121 42,002 48,847

Total Vehicle Miles 982,340 1,142,420 840,040 976,940

Note: Assumes 20 miles per trip, 23.2 tons per trip for MSW and bypass waste, and 30 tons per hip for ash disposal.

3.14 Other Environmental lmpacts - Air Quality
ln addition to GHG emissions and transportation related impacts, a WTE facility will have environmental
impacts associated with non-GHG air emissions from the combustion of MSW The WTE facility will be
subject to stringent emission standards and Best Available Control Technology ("BACT') requirements for
certain air pollutants. Similar to the Title V Air Operations Permit for the Palm Beach WTE facility,
emission criteria will be established for the following air pollutants based on Federal Regulations:
. Ammonia slip (NHs)
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. Cadmium (Cd)

. Carbon monoxide (CO)

. Dioxins/furans

. Hydrogen chloride (HCl)

. Lead (Pb)

. Mercury (Hg)

. Nitrogen oxides (NO")

. Particulate matter (PM, filterable)

. Sulfur dioxide (SOz)

. Visible emissions and opacity

. Volatile organic compounds (VOCs)

The following air pollution control methods are typically used to meet BACT requirements and minimize

air emissions:

. Activated Carbon Absorption (Mercury, Dioxin/Furan Control)

. Advanced combustion technologies (VOCs and Other Pollutant Control)

. Fabric Filter Baghouses (Particulate Matter Control)

. Spray Dryer Absorber or equivalent (HCl and Other Pollutant Control)

. Selective Catalytic Reduction (NOx and Dioxin Control)

Table 3-27 identifies air permit limits and emission compliance test results for the Palm Beach County,

Ftorida WTE facility that began operation in 2015. The Palm Beach County, Florida WTE facility is similar

in size and pollution controls that would likely be implemented for a County WTE facility and is therefore a

good indication of the emissions that could be reasonably anticipated for a WTE facility in the County.
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Table 3-27. Example Permit Limits and Emissions from Palm Beach County, Florida WTE Facility

10 DDmvd (3) 2.59 5.01 2.40
Ammonia Slip (NHo)

2.76 lb/hr 78 1.58 0.770

Particulate Matter
(PM) (filterable)

12 mo / dscm (2) 1.93 3.04 2.59

47 lb/hr 0.82 1.32 1.16

I lydrogen Chloride
(HCr)

2Q (3) o. to 6.78 4.19

1 1.9 tb lhr 399 4.43 2,85

Volatile Organic
Compounds (VOC)

(as o

7 mvd (3) 0.96 0.26 0.1 8

5.0 lb/hr 0.74 0.21 0.'15

125 tro i dscm (2) 1.20 8.32 1.29
Lead (Pb)

4.9 E-02 lb/hr 5.14E-04 3.55E-03 5.64E-04

10 uo / dscm (2) <0.50 1.86 0.43
Cadmium (Cd)

3.91 E-03 lb/hr <2.10E-04 7.S7E-04 1.88E 04

25 uq / dscm (2) <0.67 0.72 1.10
Mercury (Hg)

9.8 E-03 lb / hr <2.89E-04 3.08E-04 4.81E-04

Outlet Dioxins i
Furans (5) 4.2 ng / dscm (a) 0.67 0.21 0.44

Visible Emissions 10 oh 00 0.0 0.00

100 mvd (3) 31.9 15.5 13.6
Carbon Monoxide

45.5 lb/hr 8.74 6.51 5.64

50 (3) 30. t 3S9 37.6
Nitrogen Oxides

37.4 tbt hr 30.1 26.2 26.3

24 pp6yd (3) 20.3 20.7 21.4
Sulfur Dioxide

25.0 lbihr 19.4 20.3 19.9

Opacitv 10 % 0.9 2.1 0.8

1. All concentrations are corrected to 7%o Oz.

2. Micrograms per cubic meter on a dry basis at standard conditions.
3. Parts per million on a dry volume basis.
4. Nanograms per cubic meter on a dry basis at standard conditions.
5. Based on stack testing performed over the first two full years of commercial operation, the

dioxin/furan emission limit was set to 4.2 ng/dscm @ 7o/o Oz, which is equivalent to 1 .7 x 10-6

lb/hr.

It is anticipated that air permit will be require a CEMS for CO, NOx, SO2, and Hg and stack testing for the
other pollutants. Additionally, it is anticipated that the air permit will require the operation of a Continuous
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Opacity Monitoring System for monitoring opacity as well as continuous monitoring of stream flow, oxygen

and CO2 concentration, flue gas moisture percentage, and flue gas temperature. Due to the small size of

the facility, the air modeling required to meet Title V and PSD requirements, and the sophisticated air

pollution control systems included, the emissions will not have a measurable effect on local air quality.
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4 WASTE EXPORT BY RAIL
This section includes trucking and railroad transport considerations specific to the Pacific Northwest and
to the County's planning for management of its MSW.

During the past 30 years, more stringent landfill regulations, public opposition to new landfills (NIMBY),
and economic factors have led many communities in the U.S. to ship waste long distances to remote
disposal facilities in sparsely populated areas. The Pacific Northwest was an early adopter of long-
distance MSW transportation and disposal. Today, numerous large and small communities in Washington
and Oregon ship their waste 100-300 miles primarily to three privately operated landfills along thc
Columbia River via truck, rail, and barge.

Trucking is a common transporl mode for communities that transport waste relatively shorter distances.
Trucks have the advantage of being able to travel on the road network which is far more wide ranging
than the railroad or barge network. Per mile, trucks burn more fuel and release more GHG emissions than
other modes. Challenges related to truck transport of MSW in the Pacific Northwest include traffic
congestion in urban areas and along lnterstate 5 (l-5) and lnterstate 84 (l-84) in the Portland area.
Occasionally, service has been negatively affected by weather-related road closures of l-84 and within
the urban areas. Trucking companies have also had to deal with an ongoing shortage of driversa.

Many communities export and transport their waste by rail, which is more economical for long distance
transportation compared to trucking. Per mile, railroad locomotives burn less fuel than trucks. However,
the locomotive engines used to power unit trains are large and expensive, and many are older engines
that emit more air pollutants such as particulate matter ("PM') and nitrous oxide (NOx) than truck engines.

Challenges related to rail transport of MSW in the Pacific Northwest include service delays resulting from
track congestion, intermodal container shortages, (rare) weather-related outages along the l-5 and l-84
corridors, and a lack of flexibility if a shipper wants to change the origin or destination of its cargo.

WEBR programs require more handling of intermodal shipping containers than trucking, since full and
empty containers must be loaded or unloaded at both the origin and destination lMFs (see Section 4.3 for
more detail). Rail haul typically requires a truck haul (drayage) of intermodal containers from the MSW
transfer station to the exporting lMF, as well as from the receiving IMF to the landfill.

Potential candidates to receive the County's MSW are the three Northwest regional landfills that are
actively served by rail, either directly (with an IMF at the receiving end), or indirectly (via a truck haul from
an IMF). All three collect and beneficially reuse their landfill gas (methane):

. Roosevelt Regional Landfill (owned by Republic Services)- Roosevelt, Washington.

. Columbia Ridge Landfill (owned by Waste Management)- Arlington, Oregon.

. Finley Buttes Landfill (owned by Waste Connections) - Boardman, Oregon. Because this landfill is
located farther east along the same Union Pacific Railroad ('UPRR') track that serves Columbia

4 Seattle Times. 2018. Shortage of Truckers Causing Prices to Rlse. https://www.seattletimes.com/business/shortaoe-of{ruckers-
startino{o-cause-prices{o-rise/. Accessed June 14, 20'l 9.
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Ridge, its transportation costs would be higher than Waste Management's. Hence, it was not

researched further for this Study.

The Arcadis Team also evaluated several other landfills. However, at this time they either are not served

by rail, or they lack landfill gas collection and beneficial reuse systems. Because they would not satisfy

the County's anticipated gas collection and beneficial reuse requirements for disposal landfills, they have

been excluded from this Study.

4.1 Railroad Company lnterviews

The Arcadis Team interviewed the UPRR and the BNSF Railway ("BNSF"), the two Class 1 railroads that

serve the major privately-owned landfills in Washington and Oregon. The purpose of these interviews was

to obtain information about the companies; to understand their ideas and preferences about transporting

and disposing of the County's solid waste; and to discuss their perception of the opportunities and

constraints that the County faces in preparing for a potential WEBR program. Prior to the interviews, each

company was provided with a list of key questions and operating issues (see Appendix F.) ln addition,

each railroad was informed that some of the issues discussed might involve their proprietary information,

and their information might be included in this Study. This Study contains only summaries of the interview

responses.

The following summarizes the feedback of the railroads:

. Both railroads expressed an interest in the County's waste tonnage. Before deciding, each company

would require more detailed inf,ormation and would evaluate the overall economics and operational

impacts of adding that tonnage.

. The railroads expect both freight and passenger traffic in the Seattle / Portland corridor to grow. Rail

capacity is defined not only by the line haul capacity on the mainline, but the capacity at the railroad's

terminal. The ability to get on and off the mainline and in and out of theirterminal (lMF) efficiently is

critical to their decision.

Rates are determined largely on supply and demand for the railroad's track capacity, both locally at

their terminals and on the mainline. Each railroad has experienced the financial difficulty of being

locked into long{erm rates and contracts for hauling solid waste. Understandably, they will want to

structure their rates to protect their economic interests in the face of rising costs such as fuel and

labor. Therefore, they may require shorter contract periods (i.e. five to ten years or less) and/or

greater flexibility in adjusting rates to match their costs. They would likely favor an annual rate

escalator based on actual rail economics rather than a regional CPI escalator. The annual escalator

could in turn influence how long an agreement they would be willing to sign. ln addition, they probably

would also require a fuel surcharge index that is independent of the annual rate escalator.

The railroads would like to be involved in the County's choice of an existing lMF, or presumably, in

the selection of a new IMF site. Access to an IMF by either/ both railroads is a criticalconsideration
for the County.

Both railroads suggested that the County consider early waste export of a percentage of the annual

waste volume, phasing in / ramping up the volume every year thereafter until 100% of the County's

a

a

a

arcadis. cont
4-2



WASTE-TO-ENERGY AND WASTE EXPORT BY RAIL FEASIBILITY STUDY

waste is being exported. This phase-in allows the landfill / railroad entity to spread its investment in
equipment and over several years.

4.2 Landfill Company lnterviews
The Arcadis Team interviewed Republic Services ("RS") and Waste Management ("WM"), owners of the
two largest private landfills in Washington and Oregon. Prior to the interviews, each company was
provided with a list of key questions and operating issues (see Appendix F). ln addition, each company
was informed that some of the issues discussed might involve their proprietary information, and their
information might be included in this Study. This Study contains only summaries of the interview
responses.

The following summarizes the feedback of the landfill companies:

. RS and BNSF would evaluate adding tonnage to the existing BNSF IMF and would have to research
other available rail-served real estate if a new site were necessary.

. RS's planning level cost estimate for WEBR from the County to their Roosevelt landfill is
approximately $800-$1,300 per container.

. Depending on chassis configuration, RS expects a 32{on MSW payload per closed top container.

. RS's transporl and disposal (T&D) pricing will include supplying MSW intermodal containers.

. For budgetary / exploratory T&D pricing, RS suggested using $23-$30 per ton.

. For comparison, RS's current rate with Snohomish County is $50.56 per ton in total for transport and
disposalfrom RS's private IMF in Everett served by the BNSF Railway.

. WM has identified multiple rail sites in the County that could serve as a viable lMF. The conclition of
these sites ranges from greenfield (currently undeveloped) to turnkey.

. WM commented that if the County wanted to establish its own lMF, it would need to identify a
desirable parcel, then work directly with a rail engineering firm and the respective railroad to go
through the processes needed to establish rail service.

. WM has strong partnerships with both UPRR and BNSF and would vet all service options to provide
the County with a solution that fits their needs.

. WM is open to offering pricing per load or per ton, whichever method is preferred by the County.

. WM indicated that a 30{on payload should be attainable and road legal, with the appropriate tractor,
chassis, and container configuration.

. Typically, WM's T&D pricing includes supplying intermodalcontainers. Chassis, tractors, and drayage
services can vary by contract, but WM has experience under all scenarios and would tailor the
services offered based on the County's preference.

. For budgetary / exploratory T&D pricing, WM referenced the responses to RFPs that it submitted to
Snohomish County and (Portland) Metro Regional Government in recent years. Both proposals
included comprehensive WasteByRail@ solutions, including the development and operation of new
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intermodal receiving facilities, with an average T&D price ranging from approximately $45 to $55 per

ton.

4.3 WEBR lntermodal Facility

4.3.1 Prototype WEBR Facility

WEBR requires an IMF where shipping containers carrying compacted solid waste are lifted off semi-

trucks and placed on a rail car. This is typically accomplished by a "top pick" mobile (wheeled) crane or in

some cases, a gantry crane. The container is either placed immediately into a well{ype rail car or stored

temporarily on the ground for subsequent loading onto a rail car as the train is "built". The primary

infrastructure at an IMF is pavement and tracks.

A hypothetical WEBR IMF model was considered to provide the basis for evaluation and cost estimating,

as well as comparison with the conceptual WTE facility. Some of these assumptions are made to allow

construction or other costs to be estimated. lt should be noted that a fully designed facility sited in an

actual location would probably differ from the model in several material aspects. For this Study, the model

IMF is assumed to conform to the following:

General IMF Gharacteristics and Assumptions

. The IMF is sited within the borders of the County.

. The site is intended to receive compacted solid waste that is truck-hauled in closed intermodal

shipping containers on chassis. The IMF would accept no waste delivered in KCSWD's current

transfer trailers as they are unsuitable for rail haul.

. Demolition debris would arrive in tarped, open{op intermodal containers since this waste type is
typically bulky and cannot be compacted easily.

. 15-25-acre parcel size.

. Parcel shape roughly rectangular and suitable for required facility components.

. Reasonable topography: ground slopes are compatible with vehicle traffic, shipping container storage

and potential buildings and structures. Grading and excavation would be minimal.

. Necessary utilities already exist on-site or could be extended from public rights-of-way at a

reasonable cost.

. No fatal flaws (such as wetlands), or a few flaws that could be mitigated at a reasonable cost.

. Site has few or no buildings that would require extensive demolition efforts.

. Site avoids extensive or expensive displacement of existing structures, businesses or services.

Land Use/Zoning

. lndustrial zoning or zoning as compatible with the intended facility use.

. Preferably in unincorporated part of the County rather than in an incorporated area (city).
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Rail and Vehicular Access

. Proximity to either or both BNSF and UPRR mainline tracks, with less than one mile of rail spur
needed.

. Must have nearby highway and afterial roadway access.

. Proximity to existing rail support yard infrastructure.

Permitting

. To a certain extent, finding a site in unincorporated County could reduce jurisdictional conflicts during
permitting.

. We will assume a cost for public involvement and permittinS, e.g, $1 million for WEBR vs. $2-3 million
for WTE. Historically, permitting of the former has been less controversial than the latter.

On-site Waste Handling

. Paved roadways for queuing of incoming vehicles carrying intermodal shipping containers of waste.

. Paved areas for temporary staging of containers on the ground and for maneuvering of "top pick" lift
trucks that place full containers on outbound railcars and remove empty containers from incoming
railcars. Temporary storage of "spare" empty containers for use if the train is delayed.

. Tracks for inbound railcars carrying empties and tracks for loading full containers onto railcars to
"build" the outbound train.

Other

. Support building (office, restroom, and break room).

. Assume a cost allowance for demolition of existing site structures (e.g. $2S0,000 for WEBR).

. Assume a cost allowance for providing / upgrading utilities.

4.3.2 Gounty-Provided lntermodal Facility

Because of each major landfill's geographic location and the ownership of nearby railroad tracks, the two
biggest privately-owned landfills have historically teamed with a particular railroad: Waste Management's
Columbia Ridge Landfillwith the UPRR, and Republic Services' Roosevelt Regional Landfillwith the
BNSF. These have proven to be successful partnerships in executing WEBR programs for the City of
Seattle and Snohomish County, respectively. These relationships would probably remain intact for a
County WEBR program.

lf the County could secure access to an IMF that is served by both BNSF and UPRR tracks, this could
potentially increase competition between the likely WEBR teams. ln the future, when it came time to re-
bid the contract, neither railroad / landfill team would have an a prioriadvantage with respect to the lMF.

However, similar to WTE, the siting, permitting, designing, and constructing of an IMF would be a risky,
costly, and time-consuming venture. Few suitable rail-accessible sites remain in the County. Furthermore,
since the County has not historically been in the rail business, it would need to contract out almost all
siting, permitting, and engineering services necessary to develop its own lMF. While it would be
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advantageous for the County to control a rail-neutral (accessible by both railroads) lMF, unless the

County can lease such a site from a third party, it would be risky for the County to embark on developing

its own lMF. However, failing to do so will substantially increase the risks associated with future

negotiations for WEBR, particularly with the rail companies' preference for 5-10 year agreements.

4.4 WEBR Capital and Operating Costs

Besides the cost of an lMF, a waste export program has three major cost components:

. Transport of waste from the transfer stations to the lMF.

r Transport of waste by rail to the landfill.

. Disposal fee at the landfill.

The County currently incurs costs to transport waste from its eight transfer stations to Cedar Hills.

However, upgrades to the current system such bs installation of compactors and operational

improvements could increase payloads and reduce the number of truck trips, thereby reducing operating

costs. While transport and disposal are provided by separate companies, regional customers such as the

City of Seattle and Snohomish County pay a bundled (transport plus disposal) cost-perton rate to WM

and RS, respectively.

4.4.1 Transfer Station to IMF Costs

The cost of transporting waste from the transfer stations to a WEBR IMF are an important component of

the overall WEBR costs. Transportation costs are roughly proportional to distance and travel time, among

other factors. While this Study is not a facility siting study, a theoretical location for the WEBR IMF is

needed so that the distance from each transfer station to the WEBR facility can be estimated. Historical

transportation costs from each transfer station to Cedar Hills are already known. Therefore, as a starting

point for cost calculations, the distances and costs for transporting waste to an IMF were assumed to be

the same as those for historical waste transfer to Cedar Hills. This does not imply that the IMF would be

located at Cedar Hills, because there is no rail access nearby.

A Transportation Cost Analysis was performed to compare the expected transportation cost components

of WTE vs. WEBR disposal alternatives. For simplicity, the analysis assumed that both the WTE Facility

and the WEBR IMF would be located the same distance from the transfer stations as Cedar Hills. While

the total tonnage from the transfer stations is the same, the transport equipment and resulting payloads

for WTE and WEBR are different (see Section 4.4.4). Hence, their transportation costs are different.

Based on labor and material estimates developed for this Study, for WTE it would be $9.66 with average

payloads of 35 tons; and for WEBR it would be $10.83 with average payloads of 30 tons. Details of this

analysis are found in Appendix E - Transport and Rail-haul Costs.

Rail-haul costs for WEBR consist of two components: 1) truck drayage of full / empty containers to / from

the receiving landfill's IMF and theworking face of the landfill;and 2) the actualrailroad transportation

costs from the origin IMF to the destination landfill's lMF.

When the train arrives at the landfill lMF, the full containers are removed, placed on trucks, and driven to

the landfill's working face. There they are unloaded using a hydraulic tipper. The empty containers are

arcadis. cont
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then trucked back to the IMF and placed on the train for the trip back to the customer (in this case, the
County).

As stated in Section 4.1 , railroad rates are largely determined by the supply and demand for the railroad's
track capacity, both locally at their terminals and on the mainline. ln their survey responses, both railroads
noted the financial difficulty of being locked into long{erm rates by waste-disposal contracts. ln the future,
they will structure their rates to protect their economic interests in the face of rising costs such as fuel,
labor, and environmental regulation. For example, they may require shorter contract periods (i.e. five to
ten years or less) and / or greater flexibility in adjusting rates to match their costs. They would likely favor
an annual rate escalator based on actual rail economics rather than a generic regional CPI escalator. The
annual escalator could in turn influence how long an agreement they would be willing to sign with the
County. ln addition, they will likely require a fuelsurcharge index that is independent of the annual rate
escalator. During the interviews, the railroads noted that their pricing model involves maximizing the rate
at the time of contract negotiation based on then-current market pricing and the traffic volumes on their
system. As a result, they were reluctant to provide much assurance about rate levels and related annual
rate increases, based on the unpredictability of future key cost drivers to the railroads.

4.4.2 Landfill Disposal Gosts

ln 2018, WM and RS submitted to Portland Metro their proposed rates for disposal services at their
respective rail-served landfills near the Columbia River. The rates ranged from $'17.00 to $17.50 per ton.
While it may be argued that tlrese rates were set artificially low to win the business, both WM and RS
have existing contracts that require a rate match ("Most Favored Nations" clauses) whenever lower rates
are contracted. This means that WM and RS are not providing "one-time" exclusive rates just to win new
business.

Snohomish County's current rail transport and disposal rate with RS is $53.95 per ton, based on a
minimum weight of 26 tons per container. lf Snohomish County averages 30 tons per container, the
amount invoiced by RS is $1,6'18.63. The rail transport component is $925 per container regardless of
weight. The remaining $693.63, divided by 30 tons, yields a disposal cost of $23.12 per ton.

4.4.3 Waste Equipment and Payload Assumptions

This Study assumes that a preload compactor will be located at each transfer station. Trailers would be
driven onto a stand-alone trailer tipper and unloaded at the WTE plant. Walsh Trucking, the subcontractor
to Portland's Metro Regional Government, currently averages 3Ston payloads from Metro's two transfer
stations to WM's CRLF in Arlington, Oregon. lncreased capacity of trucks may require re-routing if bridges
reduce weight bearing capacities. This could affect both WTE and WEBR payloads.

lntermodal Container Payloads (WEBR)

The WEBR alternative requires a preload compactor to fully utilize the limited volume capacity in standard
40-48-foot intermodal containers. A light weight, extended wheelbase, quad axle semi-tractor and
extended length, quad-axle, intermodal super-chassis combined with the 40- to 48-foot steel intermodal
container can accommodate a 28 to 32{on payloads of compacted waste.

arcadis. conr

4-7



WASTE-TO-ENERGY AND WASTE EXPORT BY RAIL FEASIBILITY STUDY

The two railroads anticipate a payload capacity range between 30 and 32 tons, based on their industry

experience and the local and state highway restrictions for containers-on-chassis and the use of "Husky

Stack" well cars with 40 to 48' long intermodal containers stacked two high.

4.4.4 Assumptions for Total Cost of WEBR

Table 4-1 summarizes the estimated cost of WEBR, based on the following factors:

. Costs (2019 $) from current contracts, interviews with UPRR and BNSF railroads, and WM and RS

landfill companies.

. lnitial cost assumes an additional fee associated with contractor construction of new lMF. Because of

the amount of waste for disposal and approach to not phase in WEBR, it is unlikely that use of current

tMF (UPRR Argo Yard and BNSF lnterbay Yard) is feasible. Additional add-ons for land acquisition

and IMF construction have been added into the WEBR financial model to compare equivalent WEBR

and WTE facility scenarios, assuming that the current lMFs are not sized large enough for the volume

of waste the County will have available. A capital cost of $5M for IMF construction, $18M for a 20-

acre site, with 4% interest rate over a 10-year loan term results in a $2.8M annual loan cost, which is

approximately $a.SS perton. Based on the interviews, a 10-yearWEBR contractterm seems like the

longest term most contractors would allow.

. Rail-haul cost ranges from $900 to $940 per container

o City of Seattle's cost is $912.09 per container or $30.40 per ton, based on a 30-ton payload.

o Landfilldisposalcost is $17.00 to $17.15 perton, including intermodalshipping containers

provided by landfill company.

Table 4-1 . WEBR Transport and Disposal Total Cost Summary

Transfer to Rail Yard (lMF) $325.03 $10.83

Rail Transport to Landfill $912.09 $30.40

Landfill Disposal $510.00 $17.00

IMF Capital Cost / Fee $100.47 $3.35

Total Cost $1,847.69 $61.59

4.5 Hnvironmental lmpacts

4.5.1 Permitting and Regulations

The Arcadis Team researched environmental regulations related to a new IMF within the County and

concluded the following :
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1. Siting a new IMF or using an existing IMF in the unincorporated County could reduce jurisdictional
conflicts during the permitting process since the County would be the Lead Agency, but it may be
more difficult or impossible to site a new IMF in the unincorporated county.

2. WDOE does not require an IMF to have a solid waste handling permit to perform WEBR operations.
However, the facility would still be subject to other state environmental regulations such as
stormwater control and spill prevention control and countermeasures. The IMF would also be subject
to Federal regulations for intermodal and rail facilities,

3. The waste export IMF would likely be subject to Washington state regulation WAC 173-350-300 on-
site storage, collection, and transportation standards. These standards apply to the temporary
storage of solid waste in a container at an industrial site and the collecting and transporting of solid
waste. Because the waste will be totally enclosed in rigid intermodal shipping containers, spillage or
leakage of waste is highly unlikely under normaloperating conditions. This regulation also has some
record-keeping requirements for tracking the "vehicles" (in this case, intermodal containers).
Presumably, all containers are already tracked by the railroad and the landfill disposal company.

4. lf the County chose to site a new lMF, the process would be subject to State Environmental
Protection Act ("SEPA") requirements, including an ElS.

4.5.2 Construction or Expansion and Operations lmpacts

The Arcadis Team evaluated the construction and operations impacts of utilizing lMFs for WEBR of flre
County's MSW under the two most likely scenarios.

ln one scenario, a WEBR program for the County would utilize an existing IMF operated by either the
BNSF or UPRR railroad, though it is likely that the existing lMFs could not accommodate the total volume
of County waste without additional expansion or improvements. ln general, the environmental impact
resulting from the increased number of containers handled at the site would be similar to that caused by
economic growth. WEBR could cause tlre increase in containers handled to occur more quickly than
under "normal" economic growth. ln addition, tractor-trailer traffic in the vicinity of the IMF would increase,
as it would under normal economic growth.

ln the other scenario where the County decided to site and develop a new lMF, there would be
construction-related environmental impacts. Environmental impacts from operating the IMF would also be
experienced at the new location. However, the total environmental impact should be approximately the
same, just spread over an additional number of locations.

4.6 Greenhouse Gas lmpacts
This section discusses GHGs associated with disposal of MSW at an out of County landfill using WEBR.
It identifies the types and sources of GHG emissions; describes the methods, assumptions, and
limitations of the GHG evaluation used in this Study;summarizes the results of the GHG evaluation;and
discusses factors that may influence these estimates. A similar GHG evaluation for WTE is provided in
Section 3.12, and a comparison of GHG evaluation results for WTE and WEBR is included in Section 5.5

arcad is. conr
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4.6.1 Types and Sources of GHG Emissions for WEBR

The primary GHGs emitted from at a landfill are methane and COz. Methane and COz are present in

landfill gas at approximately equal concentrations and are produced from the anaerobic decomposition of

organic components in the waste. Methane is the most significant GHG emission source at a landfill

since it has a GWP of 25 compared to COz.

This Study considers the following GHG emissions and avoided GHG emissions for MSW landfills:

1. Methane emissions from anaerobic decomposition of biogenic carbon that are not captured by a

landfill gas recovery system.

2. Transportation COz emissions from landfill equipment.

3. Rail transportation COz emissions for transport of MSW using WEBR.

4. Biogenic carbon stored in the landfill (see Section 4.6.2 below).

5. COz emissions avoided through landfill gas-to-energy.

As noted above, the uncaptured methane produced from anaerobic decomposition of MSW is counted in

the USEPA WARM model as an anthropogenic GHG because degradation would not result in methane

emissions if not for deposition in the landfill. The methane that is captured by the landfill gas recovery

system and converted to COz is not counted since the COz is of biogenic origin, Methane and COz

generation from the decomposition of non-biogenic carbon (e.9., plastics) is not considered a significant

GHG source by the WARM model in a landfill and is therefore not counted. The recent trend of increasing

compostable plastics in the waste stream are not currently addressed by the WARM model and represent

potential additional methane emissions.

4.6.2 Methods and Limitations

Similar to the WTE GHG analysis, GHG emissions for WEBR were evaluated using the WARM model in

two ways. First, GHG emissions were evaluated by Method 1, which used default WARM model Microsoft

Excel spreadsheet. Second, the emission factors and emission credits in the WARM model

documentation were used in Method 2. ln some cases, the emission factors were refined using

professional judgment to account for lower emission rates for rail transportation compared to truck

transportation, and high LFG recovery efficiency.

The methods and limitations of the WARM modelwere described previously in Section 3.12.2. An

important consideration in the GHG analysis for WEBR is the issue of off-set credits for carbon

sequestration in a landfill. Under landfill conditions, biogenic carbon in wastes such as wood, yard waste,

paper and certain other wastes derived from biomass will not significantly anaerobically degrade

compared to the aerobic degradation that would othenruise occur if these wastes were not landfilled.

While COz emissions from biodegradation of biogenic carbon are not counted, the WARM model

subtracts the amount of COz that would have been generated if these wastes were allowed to naturally

biodegrade under aerobic conditions. Considering utility offsets and carbon sequestration credits, the

WARM model may show negative net GHG emissions for certain waste compositions at landfills (e.9.,

wastes with high percentages of dimensional lumber, yard waste, and paper if landfill gas recovery is

arcadis.com
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implemented). The IPCC guidance recommends that landfill carbon sequestration credits be identified for
information purposes.

Consistent with IPCC guidance, the carbon sequestration credit is identified so that the user can decide
whether this credit should be applied to the landfill or not. This Study does not include GHG emissions
from potential landfill fires which are difficult to predict and quantify. Presumably, a landfill fire would emit
COz from the combustion of the carbon that is sequestered in the landfill (as well as potentially non-
biogenic sources of carbon) and would therefore erode the value of the carbon sequestration credit
proportional to the percentage of the biogenic waste material that is burned.

Given that the landfill must sequester carbon indefinitely to maintain sequestration credits, it is plausible
that the waste may be disturbed in the future (albeit long{erm) by natural disaster (e.g., fires, geological
distttrhance)orforanthropogenicreasonE(e.g.,futurelandfillminingtorecovcrland). lfdisturbedinthis
manner, the sequestered carbon in the landfill could be oxidized and released as COz.

4.6.3 Assumptions

The assumptions used for the GHG evaluation of WEBR included the following:

. The WARM model mixed MSW composition was used to estimate GHG emissions for WTE and
WEBR. National average waste composition is considered appropriate given the single-year of waste
composition data available for the County.

. CO2 emissions for transporting MSW from the point of collection to the IMF were assumed to be the
same as transporting MSW from the point of collection to the WTE facility and were therefore not
included.

. Rail distance from IMF to out-of-County landfill is 320 miles.

. Rail emission factor is 20 percent of the trucking emission factor on a per mile basis.

. lnitial biogenic carbon content of MSW is 42o/o,

. Adjusted yield of methane as a proportion of initial carbon is 16%.

. Methane generation of waste is 1.62 MTCO2E/ton.

. The LFG recovery system will capture 80 percent of the methane generated by the landfill.

. The landfill will be sited in a dry climate with MSW decay rate of 0.\2lyear corresponding to tandfills
receiving fewer than 20 inches of annual precipitation.

. Amount of carbon stored is 0.21 MTCO2E/ton based on mixed MSW.

. Utility off-sets for avoided CO2 emissions for landfill gas electricity is 0,08MTCO2E/ton.

. GHG estimates do not include landfill fires or potential future oxidation of buried waste.

4.6.4 Results

Results of the GHG evaluation for disposal of MSW at an out-of-county landfill using WEBR are
summarized in Table 4-2 and Table 4-3, for the WARM model Method 1 and Method 2, respectively

arcadis conl
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lnputs and outputs of the Method 1 analysis and the emission factors used in the Method 2 analysis are

included in Appendix D.

Table 4-2. GHG Evaluation for Disposal of MSW at Out-Of-County Landfill Using WEBR WARM Method 1

Net GHG
Emissions,

excluding ash

recYcling (z)

0.12 to 0.33 See Table D.2 in Appendix D

The WARM model spreadsheet does not allow explicitly show carbon sequestration credits for landfilling. The lower emission

estimate assumes a carbon sequestration credit of 0.21 MTCO2E/ton based on emission credits in the WARM model

documentation (see Appendix D).

Table 4-3. GHG Evaluation for Disposal of MSW at Out-Of-Gounty Landfill Using WEBR WARM Method 2

Methane not captured by LFG recovery (3) 0.32 Assumed 80% methane captured

Landfill equipment operation o.o2 Table 6-16, Appendix D

Rail transport of ash from IMF to landfill 0.03 320 miles x 0.0001 MTCO2E/ton-mile

Avoided Utilities - Washington -0.08 Table 6-15 equation, Appendix D

Avoided emissions - carbon sequestration -0.21 Table 6-16, Appendix D

Total 0.08 - 0.29

Notes:

(1)

4.6.5 Factors that Affect Results

Factors that affect the GHG estimates for WEBR include:

. Waste composition

. Distance to out of county landfill and emission efficiency

. Landfillgas recovery system efficiency

. Carbon sequestration credits

Each of these factors are discussed below.

(21

(3)

Methane not captured by LFG recovery system assumes methane generation from anaerobic

generation is I .62MTCO2E per ton of MSW (see Table 6-6 of WARM Model documentation in

Appendix D) and 80% LFG recovery. The 80% is based on professionaljudgment and EPA

efficiency testing performed in2012 and assumes aggressive landfill gas capture.

MTCO2E/ton = metric tons of carbon dioxide equivalent per short ton of MSW

See Appendix D for WARM documentation

arcadis.com
4-12



WASTE-TO-ENERGY AND WASTE EXPORT BY RAIL FEASIBILITY STUDY

4.6.5.1 Waste Composition

Waste composition affects the amount of degradable carbon in a landfill, which in turn impacts the
amount of methane that is produced from anaerobic decomposition of the waste. Wastes that contain
relatively large amounts of organics such as food waste produce a relatively large amount of methane
compared to other wastes. To a lesser extent than food, other organic wastes such as paper and yard
waste can decompose anaerobically and produce methane, although the methane generated from these
wastes may be off-set by carbon sequestration of the fraction of carbon in these wastes that do not
anaerobically decompose. As an example, the USEPA WARM model may show that newspaper and
wood are net GHG sinks (e.9. negative net GHG emissions) when placed in a landfillwith a gas recovery
(c.9., thc amount of COz avoided by carbon sequestration outweighs tlre anrr:unt of nretlrarre tlrat is
generated from the anaerobic degradation and is not captured by the landfill gas recovery system).

4.6.5.2 Distance to Landfill and Transportation Energy Source

The distance to the landfill and the fuel source of the trains will affect GHG emissions for WEBR. Landfills
that are closer to the County will have lower GHG emissions compared to more distant landfills for the
same fuel supply. The increased use of electric trains supplied from GHG neutral energy or non-fossil fuel
such as biodiesel will lower GHG emissions for WEBR.

4.6.5.3 Landfill Gas Recovery

The largestfactorthatwillaffectGHG emissions ata landfillisthe efficiency of the landfillgas recovery
system. Greater landfill gas recovery efficiency will reduce GHG emissions. The County may want to
consider landfill gas recovery efficiency (based on empirical emissions data) as a factor in selecting a
future potential landfill. As indicated above, an efficient landfill gas recovery system can make the
difference if a waste in a net GHG source or sink (e.9., paper). The Arcadis Team has performed
research at other landfill sites showing methane capture percentages between 32o/o and 86% in mature,
capped cells with gas collection. ln Method 1, the WARM modeldefaults for landfillgas recovery were
used. ln Method 2, we assumed an overall 80% landfill gas recovery, which is considered aggressive.

4.6.5.4 Carbon Sequestration

This Study includes the landfill carbon sequestration credit based on USEPA WARM model guidance. As
noted above, IPCC guidance for landfill emissions does not provide this credit. The applicability of the
landfill carbon sequestration credit should be carefully considered when comparing WEBR with WTE,
recognizing that comparative landfill emissions would be significantly higher if IPCC guidance was used
to estimate landfill GHG emissions rather than the USEPA WARM model guidance. lf the carbon
sequestration emission factorwere eliminated, the data used in this Study indicate that net GHG
emissions from landfilling using WEBR would increase from approximately 0.08 MTCO2E/ton to 0.29
MTCO2E/ton.

4.7 Railroad and Truck Fuel Use and Emissions
This section describes the railroad and truck fuel use and emissions expected for the WEBR option. Data
was obtained from the EPA website data (https://www.epa.qov/requlations-emissions-vehicles-and-
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enqines/requlations-emissions-locomotives) regarding the three-part program that dramatically reduced

emissions from diesel locomotives of all types - line-haul, switch, and passenger rail. Based on

interviews with the railroad companies, at present, some locomotives (nine in the UPRR's entire system)

are being "tested" with alternative engine technology and diesel particulate devices; however, the

railroads cannot guarantee or offer dedicated "green" locomotives to the County if a waste train were to

be developed. Additionally, the USEPA does not currently mandate or require specific reduced emissions

or alternative fuel engine for the railroads and their locomotives. The emissions estimates used in this

Study for the mode for various time periods follow in Table 4-4.

Table 4-4. Emissions Estimates for Mode of Operation

2010-2012 (Low Sulfur Diesel) 916 23

2013-2019 (Ultra Low Sulfur Diesel) 847 22

The USEPA has adopted more stringent standards for marine diesel engines and locomotives that

changed the standards for locomotive engines but the timeline for implementation by each railroad is

uncertain.

4.7.1 Rail Fuel Use and Emissions

Based on input from industry representatives, rail fuel use was assumed to be 6,000 gallons total for

three locomotives per round trip for a 6,000-foot train. Fuel use was adjusted so that every 1 percent

reduction in tonnage results in a 0.33 percent reduction in fuel use.

NOx and particulate matter emissions from the use of locomotives were calculated using the methodology

from USEPA's Technical Highlights, Emission Factors for Locomotives, USEPA420-F-97-051, December

7997. Emission factors vary according to the age of the locomotive with Tier 0 standards applying to

locomotives originally manufactured between 1973 and 2001, Tier 1 standards applying to locomotives

manufactured from 2002 through 2004 and Tier 2 standards applying to locomotives manufactured in

2005 and later.

The average age of the locomotives was assumed to be 10 years each year of the project. Therefore,

Tier 0 standards were used for the first year of the project; Tier 1 standards were used for the latter years

and Tier 2 standards were used for the remaining years.

Equation 3 presents the calculation of NOx and particulate matter emissions in grams per mile:

Emissions (NO"and PM;= Px EF/M (3)

Where

F = annual fuel consumption, gallons

EF = Emission factor (gram per gallon, g/gal)

M= annual miles traveled

Emission factors are presented below in Table 4-5.
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Table 4-5. Locomotive Emission Factors - Grams per Gallon

155.8 6.0

121.6 6.0

83.4 3.1

4.7.2 Truck Fuel Use and Emissions

The following fuel economy was assumed for different types of trucks:

. Long-haul with new engines: 5.b mpg

. Local drayage with new engines: 4.5 mpg

NOx, particulate matter and COz emissions from the use of trucks were calculated using the Freight
Logistics Environmental and Energy Tracking Performance Model (FLEET). The model is available at
http://www.epa.qov/smartwavismartwav fleets software.htm. lnputs included numberof trucks, payload,
vehicle class, fuel consumption and idling hours.

The FLEET model accounts for the mandated changes in truck technology and for the use of ultra-low
sulfur diesel in 2007 . Additional inputs include truck model year and the year emissions are to be
calculated. The model does not account for upgrades to engines in 2010. These upgrades affect NOx
emissions. NO* emissions were reduced by 80 percent consistent with USEPA estimates.

4.7.3 Fuel Use and Emissions Considerations

4.7.3.1 Emissions in the Columbia River Gorge Scenic Area

As discussed in a variety of publications including the Columbia River Gorge Visibitity Project, 2006
Annual Report, Oregon Department of Environmental Quality, Southwest Clean Air Agency, September
12,2006, there is heightened sensitivity about air pollution that is causing visibility and other concerns in
the Columbia River Gorge Scenic Area along l-84 in Oregon. Because of a lack of available emissions
data, diesel fuel use was used as a proxy for SOx emissions.

4.7.3.2 Uncertainty Associated with Emissions Estimates

There is considerable uncertainty surrounding the emissions estimates shown in this Study. Considerably
more research has been done to model emissions,from trucks than has been done for rail. ln addition,
emissions are inherently difficult to estimate because they depend on many factors such as fuel sulfur
content, engine loading, wind, currents, tare weights, and aerodynamic drag. Thus, conclusions made
based on the estimates provided in this Study should be viewed with caution.

2
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4.8 Cost Comparisons to Other Regional WEBR Programs

A review of the existing waste-by-rail transport and disposal agreements for both the City of Seattle and

Snohomish County is summarized in Table 4-6. Details of the two programs are found in Appendix G.

Table 4-6. Comparable Pacific Northwest WEBR

Snohomish
County

County-owned

Republic
operated

Republic

Services
BNSF Yes - 48' long 28.5 $53.95

Serving
Railroad

City of Seattle UPRR ARGO
Waste
Management

UPRR Yes - 40' long 25.7 $41.49

Data Sources: Snohomish County / Republic Services & City of Seattle

Using Seattle's current cost for rail transport and expected transport cost increases, Table 4-7 shows the

estimated cost for the County to dispose of waste by rail for a 4O-foot intermodal container with a 30{on
payload and at the County's average o123.2 tons per haul.

Table 4-7. Waste-by-Rail Disposal Cost

Transfer to Rail Yard $325.03 $10.83 $14.17

Rail Haul Cost $912.09 $30.40 $39.32

Disposal Cost $510.00 $17.00 $17.00

IMF Capital CosVFee $100.47 $3.35 $3.35

Total Cost $1,847.59 $61.59 $73.84

4.9 Regional Transportation lmpacts

lmplementation of a WEBR project will impact traffic on regional transportation networks - i.e. roads and

railroads. Current MSW-related truck traffic flows to / from County transfer stations to Cedar Hills. Under

WEBR, those trucks would be re-directed to the lMF. Because the County has not selected one of the

existing lMFs nor sited a new lMF, detailed, localized analysis of traffic impacts at the IMF are not

feasible. Traffic impacts will be shifted from the vicinity of Cedar Hills to the vicinity of the lMF. Because
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trucking operations from the transfer stations to the IMF are like those at the landfill, traffic impacts at the
IMF are expected to be similar to those seen at Cedar Hills.

lncreased rail congestion will increase traffic delays at grade crossings, Railroads are often able to
minimize negative impacts from increased rail traffic by scheduling trains overnight, but this mitigation
strategy is dependent on sufficiently low rail demand, and therefore cannot be guaranteed for the coming
decades. ln the past decade, and largely driven by railroad safety mandates, the railroads are attempting
to minimize and eliminate highway-railroad at grade crossings. This could further affect both regional
traffic impacts and the ability to site an lMF.

Table 4-8 provides information on the anticipated rail and truck traffic and truck and rail transport
mileages for WEBR. The table is based on the low and high tonnage forecasts discussed in Section 2.4
and assltmes an average driving distance of 20 miles from the transfer stations to an IMF and 320 milcs
rail distance from the IMF to the out of county landfill.

Table 4-8. 2025 Waste-by-Rail Transportation lmpacts

Total Vehicle Trips{1) 40,002 46,521

Total Vehicle Miles(2) 800,040 930,420

Total Vehicle Ton-Miles(3) 18,560,920 21,585,360

Total Rail Ton-Miles 296.974.720 345,365,760
(1)Assume 23.2 tons per trip
(2)Assume 20 miles per trip
(3)See tonnage forecast in Section 2.4
(a)Assume 320 miles for rail haul distance

4.9.1 Future Railroad Capacity

4.9.1.1 Railroad Capacity Research

WEBR from Washington municipalities is well-established, having performed successfully since the
1990s. Most rail-hauled solid waste travels south from metropolitan areas over the Seattle Subdivision,
the track spanning Seattle to Portland that roughly parallels lnterstate-S (l-5). Some of the waste quantity
splits off in Vancouver, Washington, traveling east along the Columbia River on BNSF tracks to the
Republic Services Roosevelt Regional Landfill. The remaining waste quantity continues south to Portland
and then east on UPRR tracks to waste Management's columbia Ridge Landfill.

Since the mid-2000's, numerous studies of the capacity of Washington's railroads have been performed,
many on behalf of the Washington State Department of Transportation ("WSDOT"). These studies have
looked at factors such as the inherent physical capacity of the track system; the location of bottlenecks;
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growth in demand for shipment by rail as well as by truck or barge; the effects of climate changes;

proposed capital improvement projects; and related public and private investment.

The Sfafewde Rait Capacity and Sysfem Needs Study (Cambridge Systematics, 2006)6 was prepared for

the Washington State Transportation Commission. The cover letter to the report states "The study

concludes that the economic vitality of Washington State requires a robust rail system capable of

providing its businesses, ports, and farms with competitive access to North American and overseas

international markets. However, it also concludes that the rail system is nearing capacity. Service quality

is strained, and rail rates are going up for many Washington State businesses. The pressure on the rail

system will increase as the Washington State economy grows. The total freight tonnage moved over the

Washington State rail system is expected to increase by about 60 percent between 2005 and 2025.The

State's role is necessarily shaped by the fact that nearly all freight railroads are privately-owned for-profit

companies. The major freight railroads are investing to add capacity and improve service in Washington

State, but their business practices and investment priorities are understandably driven primarily by the

railroads' national-level needs and competition.

The needs of Washington State businesses and communities are just one part of the railroads'

considerations. Additional investment and incentives for investment are needed to ensure a robust rail

system that meets Washington State's economic needs, as well as the railroads' business needs."

Selected findings of the Cambridge Systematics 2006 repod include:

. ln 2004, Washington shipped more coal via rail than "waste or scrap", but by 2025 the latter was

projected to exceed the former. (Waste or scrap may include recyclable materials as well as solid

waste).

. The track between Seattle and Portland is subject to frequent stoppages, with trains tying up the

mainline to enter and exit the many ports, terminals, and industrial yards along the corridor. While

most of the track is owned by the BNSF, it shares operating rights with UPRR, Amtrak, and Sounder

commuter trains. The line operates at between 40 and 60 percent of practical capacity, which is itself

about 60 percent of theoretical capacity.

. Major choke points / bottlenecks include Seattle, Tacoma, Centralia, Kalama, and Vancouver.

. While the railroads are adjusting their operations to increase the volume of freight moved through the

system over the existing rail lines, the operational changes may not be enough to satisfy the future

needs of Washington shiPPers.

TechnicatMemo 3 (HDR 2006)to Sfafewde RailCapacity Needs and Constrainfs (Cambridge

Systematics, 2006)7 provides a comprehensive analysis of how rail capacity is affected by many factors

5 WSDOT. 2011. Climate lmpacts Vulnerability Assessment. Prepared for Federal Highway Administration. November.

6 Cambridge Syslematics et al. 2006. Statewide Rail Capacity and System Needs Study, Final Report. Prepared for Washington

State Transportation Commission. December.

7 HDR et al. 2006. Statewide Rail Capacity Needs and Constraints, Technical Memorandum Task-3 Rail Capacity Needs and

Constraints. Prepared for Washington State Transportation Commission July.
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including physical bottlenecks, capacity of rail yards, and speed constraints on bridges and various
sections of track. Findings of relevance to WEBR included:

. BNSF yards and terminals considered to be operating at or over capacity (in 2006) include lnterbay
(in Seattle), Seattle, Centralia, Vancouver, and Wishram. Wishram is located just west of Roosevelt,
the final rail destination for solid waste headed to Republic Services' landfill.

. UPRR's Argo Yard (Seattle) is over capacity (in 2006) because it is used for both domestic and
international intermodal traffic, solid waste, and general merchandise.

. TM-3 identified almost 100 capital projects (40 funded, 58 unfunded)to improve railcapacity in
Washington state Snme r:rf these improve passenger train capacity, while others improve freight train
capacity.

The 2014 Washington State Rail Plan - lntegrated Freight and Passenger Rait Ptan 2013-2035 (WSDOT
Rail Division, 2014)8 describes the state's interest in the rail system and identified potential public actions
to improve the rail system consistent with transportation policy goals of economic vitality, preservation,
safety, mobility, environment and stewardship. significant observations include:

. Rapid growth in volume due to coal (or any commodity)would mean demand would exceed capacity
sooner than 2035.

Rail volume trends will also be addressed in the Freight Mobility Plan and reassessed in the next rail
plan update (anticipated 2018).

It is anticipated the Class I railroads (BNSF and UPRR) and other infrastructure owners will likely
address key capacity issues as they emerge.

Washington's rail system is expected to handle more than 260 million tons of cargo by 2035 - more
than dottble the volLtme carried on the system in 2010. This represents a compound annual groMh
rate of 3.4 percent for all commodities carried on the rail system.

Seattle-Portland is projected to be nearthe 100 percent utilization mark, which would make it difficult
to handle variations or additional traffic without adding excessive delays.

Factors that could significantly affect future rail volumes include:

o New bulk exports such as coal.

o Volatility in global sourcing.

o Use of larger container ships, reducing the number of ports on-call.

o Shifting modal economics between rail and truck.

o Fluctuating fuel costs and potential conversion to alternative sources of energy.

8 WSDOT Rail Division. 2014a. Washington State Rail Plan - lntegrated Freight and Passenger Rail plan 2}i3-203s. prepared by
and for Washington State Dept. of Transportation. March.

o

o
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. lt is important to understand that rail capacity is not static. The volume of traffic that can be

accommodated depends not only on infrastructure, but also on the railroad's operating strategies,

traffic mix, use of technology and many other business decisions.

. Railroads typically respond to growth in freight demand with concurrent impacts on their infrastructure

through a mix of operational strategies and capital improvements including:

o Operation of longer trains.

o Schedule and train speed adjustments.

o Segregation of traffic by direction and / or type (e.9. separate bulk from intermodal, etc.), where

multiple routes are available.

o Application of advanced traffic management systems that improve meeUpass planning,

management of train speeds and a reduction in headways.

o Construction of additional main track, new and/or lengthened passing sidings.

o Expansion of industry, yard and terminal facilities.

o lnstallation of signals and / or improvements to existing signal systems.

. As private businesses, railroads seek a return on investment on their capital investments that

exceeds a threshold, which varies based on the cost and availability of capital at the time the

investment is being considered. Often, the risks associated with a new investment exceed the likely

benefits, and the railroads will choose to make business adjustments instead. These include selective

price and service level changes, which directly impact capacity needs. Most commonly, these take

the form of pricing actions, service frequency and provisioning of cars for loading, if they are supplied

by the railroad, The impact of these decisions can negatively affect shippers and short-line

connections by increasing their direct and indirect costs.

The 2014 Washington State Freight Mobility P/an (WSDOT 2014b)s reiterated many of the points covered

by the Sfafe Rail Plan. Additional observations include:

. Several rail segments are expected to require operational changes and / or capital improvements to

manage anticipated freight railvolume by 2035. Seattle-to-Portland is projected to be near the 100

percent utilization mark, which would make it difficult to handle variations or additional traffic without

adding excessive delays [Freight Analysis Framework Version 3 (FAF3) forecast].

. Multimodal (e.9. combined truck and rail) shipping of waste / scrap is predicted to grow by 217

percent from2011 to 2030.

. The next update to the Freight Mobility Plan is due out in 2019.

, WSDOT. 2014b. Washington State Freight Mobility Plan. Prepared by and forWashington State Dept. of Transportation. October
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The 2017 State Freight P/an (WSDOT 2017) was a Technical Update to the 2014 Freight Mobitity Ptanlo.

lnteresting findings include:

. The Freight Analysis Framework Version 4 (FAF4) forecast projects that the freight tonnage moved
by multiple modes (e.9. truck and rail) and mailwill increase from21.7 million tons in 2015 to 32.6
million tons in 2035. This translates into a total increase of 50 percent over a 2}-year period, and an
annual growth rate at 2.1 percent. The multiple modes and mail category also include small
shipments sent via postal and courier services and is not limited to containerized or trailer-on-flat car
shipments. The total ton-miles moved by multiple modes and mail is anticipated to increase from 25.2
billion in 201 5 to 42.9 billion in 2035 (a total increase of 70 percent) at an annual growth rate of 2]
percent.

. Outbound freight tonnage is projected to grow faster than intrastate tonnage during the 2015 to 2035
period. The County waste headed to the Columbia Ridge Landfill (Waste Management) or Finley
Butte Landfill (Waste Connections) would be outbound freight, while waste going to the Roosevelt
Regional Landfill (Republic Services) would be intrastate.

. To enhance the capacity of the rail system, railroads typically implement operational changes before
pursuing major capital investments. Operational changes include operation of longer trains, schedule
and train speed adjustments, and application of advanced operational management systems and
signaling systems. Typical capital improvements include construction of additional main track, and
new and/or lengthened passing sidings, or expansion of yard and terminal facilities.

ln addition to the State studies noted above, The County performed its own an analysis of WEBR: So/ld
Waste Transfer and Waste Management P/an (KCSWD 2006)11. Notable points include:

. The County should decide about WEBR no more than 5 years before waste export is implemented.

. KCSWD evaluated a phased approach to WEBR, anticipated shipping 20% of its waste stream to
start. WEBR would include 4 trains / week; require 480 containers / week without spares; and cause a
"negligible increase in overall rail traffic".

. The benefits of a privately owned and operated IMF include:

o The County would avoid up-front capital costs of developing the lMF. Those costs, however,
would still be reflected in the cost of service to ratepayers.

o The County would not be responsible for siting of the lMF.

o The County would expect the cost-competitive bundling of services between the IMF operation
and long-haul and disposal to drive down costs to the lowest possible level.

10 WSDOT. 201 7. Washington State Freight System Plan, Technical Update to lhe 2Q14 Freight Mobility Plan. Prepared by and for
Washington State Dept. of Transportation.

11 King County Solid Waste Division (KCSWD). 2006. Solid Waste Transfer and Waste Management Plan (formerly Solid Waste
Transfer and Waste Export System Plan). September.
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o lf operation of the IMF is bundled with long-haulresponsibility, the County could require the

operating contractor to provide backup transportation and reserve containers in the event of a rail

system disruption.

o The contractor would have the responsibility for facility maintenance.

o The contractor would work directly with the serving railroad.

The drawbacks include:

o The County would lack the guaranteed intermodal capacity under its exclusive control and could

find itself without such service or access to the rail system in the future,

o The County would have much less flexibility to coordinate all elements of the solid waste system

and would need to rely on contract terms to ensure that its interests and waste export needs are

addressed.

o The County could likely enable a single, vertically integrated company to handle all aspects of

waste export and disposal, which could discourage future competition in the region

KCSWD also evaluated a publicly owned and operated IMF as well as publicly owned but privately

operated lMF.

a

a

4.9.1.2 Rail Capacity Analysis

The studies summarized above recognized the need to maintain and upgrade the rail system in

Washington State through coordinated public and private sector efforts. The major railroads (BNSF and

UPRR), the State, and the Federal government are all making investments in infrastructure. However, the

success and timing of these efforts in providing adequate rail capacity is difficult to predict, especially

almost two decades in the future (2035). Four major types of change can affect the amount of available

rail capacity in 2035:

. Global economic changes: e.g. tariffs can decrease the amount of American agricultural products

being exported and foreign goods being imported.

. Political change: e.g. recently cancellation of a major planned coal export terminal, and widespread

opposition to a proposed liquefied natural gas (LNG)terminal.

. Climate change: e.g. the type and quantity of crops grown; flooding and washouts of track; wildfires

and extreme heat.

. Regulatory change: e.g. more (or less) stringent emissions limits from diesel locomotives; other

greenhouse gas measures.

Even at a million tpy, the County's solid waste would represent a small fraction of the 260 million tons of

cargo anticipated to be rail-hauled in Washington in 2045.

As of summer 2019, there appears to be enough rail capacity to ship an additional 1.2 million tpy to either

of the two private landfills that currently serve city and county governments in Washington and Oregon.

We can reasonably conclude that absent a major catastrophe such as a landslide or earthquake that

destroys a significant portion of the Seattle-Portland track, there will continue to be some rail capacity.
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lf in 2035 there is not enough capacity to carry an additional 1.2 million tpy, then the question becomes
who gets to use the available capacity. The answer depends on how much each entity is willing to pay to
move its products. lt seems likely that each railroad will select and prioritize what commodities it will haul
based on its own economic self-interest: that is, which combination of total tons and rate / ton provides
the highest economic benefit for the railroad. Other considerations could be length of contract, stability
and / or growth in tonnage of a commodity being shipped, other factors from outside the region, etc. lf the
County solicits bids for WEBR, its Request for Proposals should ask for a g/ton or g/railcar pricing for
MSW delivered to the landfill with a minimum payload guarantee per intermodal container. This would
allow a comparison with other modes of transportation and with rates paid by other rail customers
shipping other products.

An important takeaway from the interviews with the railroads and landfill companies is their suggestion
that the County consider phasing-in waste export rather than starting shipment of the full County waste
stream at once. The County already considered this over a decade ago (KCSWD 2006). An updated
potential scenario is described below:

. The County would begin by exporting 100,000-200,000 tons/year (approximately 10 to 20% of
tonnage going to Cedar Hills), increasing the amount yearly.

o This would allow the railroads and landfill companies to phase-in their investment and delivery of
rolling stock (locomotives and rail cars, top picks, shipping containers, etc,).

o ltwould use the existing UPRR Argo or BNSF Magnolia lMF. No additional permitting should be
required, since each IMF has already been shipping MSWfor many years.

o This export would save approximately 10-20o/o of the annual airspace, thereby extending the life
of Cedar Hills slightly.

o lndependently and concurrently with the phase-in, there may be improvements in physical rail
capacity due to state and private investment in rail infrastructure. However, the gains may be
offset somewhat by increases in shipping demand or changes in cargo destinations and/or
commodities being shipped.

. The primary drawback of phasing-in waste export is that the County's fixed costs of operating Cedar
Hills, plus the cost of partial waste export, would likely exceed the value of nominally increasing the
life of Cedar Hills.

4 1A Project lmplementation Schedule
The most critical component for rail haul is locating an IMF within the County for loading and unloading
the intermodal containers onto rail cars. At present, the UPRR is the only railroad that can direcfly serve
the Columbia Ridge and Finley Buttes landfills and the BNSF is the only railroad that directly can serve
Republic Service's Roosevelt Regional landfill. Therefore, it is preferable that the County find a
"reciprocally served" (i.e. dual access) site within the County.
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4.1 0.1 lntermodal Facil ity lm plementation Sched ule

Total implementation time for a WEBR program is likely to range from as low as 24 months to as high as

72 months, based on the tasks and activities outlined in Table 4-9.

Table 4-9. IMF Facility - Project lmplementation Schedule

Extend/Negotiate

lnterlocal Agreements

and Update

Comprehensive Solid

Waste Management
Plan

1 to 2 years 2 years1

2
Siting / Planning /
Permitting

2 years 1-2 years

Procurement (RFO /
draft RFP / Final RFP)
through selection and
Notice of Award

1-2 years (concurrent
with Task 2)

1-2 years (concurrent
with Task 2)

4
Design / Build to
CommercialOperations 1 -2years
Date (COD)

0 years

Total 4 - 6 years 3 - 4 years

COD Date if Starl11112020 1t1t2020 - 1t1t2Q26 1t1t2020 - 1t1t2024

4.10.2WE8R Eq ui pment lm plementation Schedule

A wide range of equipment is necessary for a successful WEBR program and Table 4-10 summarizes the

minimum needed equipment, their respective manufacturing lead times, and the impacts to the WEBR

implementation schedule.
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Table 4-10. WEBR Equipment Availability and Manufacturing Lead Times

Class 8 Tractors 3to6 Lead times vary slightly by manufacturer

Chassis Trailers 6to9 Lead times vary slightly by manufacturer

lntermodal Containers 4to6 Lead times vary slightly by manufacturer

Railroad Locomotives 18+
lf new engines meeting latest USEPA emission
standards (Tier 4) are required.

Railroad Railcars 9-12+ Assumes Husky double stack well cars

Container- lifting Equipment (Top Picks) 6+
Also known as "Top Picks"; lead times vary slightly
by manufacturer.

Yard Goats / Hostlers 4to6 Also known as "trailer hostlers"; lead times vary by

manufacturer.

Trailer Tippers 91o12 Lead times vary slightly by manufacturer
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5 WASTE.TO-ENERGY AND WASTE EXPORT BY RAIL
COMPARISON

The purpose of this section is to provide a comparison of using WTE versus WEBR as the County's next

MSW disposal method. The elements to be compared between the two options include the following:

. Timeline to fully adopt either disposal method

. Financial impaict to the disposal cost per ton of either method

. Required permitting, and from which agencies, to fully adopt either method

. Regulatory environment required to fully adopt either method

. Environmental impact to fully adopt either method

. Transportation needs and traffic impacts required to fully adopt either method

5.1 Projectlmplementation Schedule

The project implementation schedule for a new WTE facility is estimated to take approximately eight to 11

years, as compared to an estimated three to six years for an IMF facility. The most significant difference

in the project implementation schedules are for the siting / permitting and the design / build to commercial

operation phases.

As shown in Table 5-1 below, for the IMF facility, the siting / planning / permitting phase and the

procurement phase are estimated to take one to two years each. For the WTE facility, the siting / planning

/ permitting phase may take three to five years; and the procurement phase is estimated to take one to

two years. The critical path in the permitting process for a WTE facility contains preparation of the PSD

permit for air quality control. As discussed in Section 3.6.5, the PSD permitting process is complex,

requires various air quality analyses, and will require rounds of public participation. Detailed review of the

air pollution control technology will be performed to ensure that it meets BACT, and concern over the

technology used for air pollution control may require additional modeling or equipment design, extending

the scheduled further. lt is for this reason that the permitting phase is substantially longer than that for an

IMF Facility. However, the procurement phase for the WTE facility can occur simultaneously during the

siting / planning / permitting phase, which may mitigate, in part, this longer implementation schedule.

The most significant difference in schedule comes from the design i build to commercial operation phase

estimates. As a more complex facility, this phase for the WTE facility is estimated to take approximately

four years; whereas the IMF facility may take less than a year if using an existing facility to two years to

build a newfacility. Referto Table 5-1 fora comparison of the project implementation schedules.
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Table 5-1. Project lmplementation Schedule Comparison

Extend/Negotiate I nterlocal
Agreements and Update
Comprehensive Solid Waste
Management Plan

1 - 2 years 1 -2years

2 Siting/Planning/Permitting 3-5years 1 - 2 years

Procurement (RFQ / draft RFP /
Final RFP through selection and
Notice of Award)

1 - 2 years

(concurrent with Task 2)

1-2years

(concurrent with Task 2)

4
Design / Build to Commercial
Operations Date (COD)

4 years 0 - 2 years

Total 8 - 11 years 3 - 6 years

COD Date if Start

1tlt2020 111t2028 - 1t1t2031 11112023 - 1t1t2026

5.2 FinancialComparison
The financial comparison between WTE facility disposal and WEBR is highly dependent on the different
variables and assumptions made in the financial models. These assumptions are discussed in the WTE
(Section 3.0) and WEBR (Section 4.0) sections of this Study. For comparison purposes, land acquisition
and capital cost or fee charged by rail operator for a new IMF facility is included for WEBR since land
acquisition and capital cost for WTE facility are included in the WTE financial model. A new IMF wiil likely
be required because of the large anticipated tonnage of waste projected for disposal. The WEBR IMF
capital cost / fee is included as a per ton cost over the first 10 years of the projections. The WTE capital
costs are included as annual amortized costs over 30 years of each bond issuance. Phasing of the
WEBR waste tonnage was not considered for this comparison. Estimates developed in past or current
dollar values for both WEBR and WTE facility disposal were escalated to the anticipated first year of WTE
facility operations, estimated to be 2028. Also, hauling costs from the County transfer stations to either
the WTE facility or WEBR IMF are also included, assuming similar distances to WTE or IMF as it is to
Cedar Hills. The hauling cost comparison is further discussed in previous Section 4.4.1 Transfer Station
to IMF Costs.

The WTE and WEBR total and costs per ton for the identified term using the low bound tonnage forecast
for the ',l0-year term, 20-year term, and SO-year term are summarized in Table 5-2. Note that negative
values in the Difference column indicate savings if WTE is utilized rather than WEBR.
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Table 5-2. Cost Comparison between WTE and WEBR - 3,000 Expanded to 4,000 tpd

- 3,000 to 4,000

Total Gost $1,066,537,361 $2,368,418,483 $6,963,437,423

Cost Per Ton $106.65 $1 18.42 $1 16.06

Total Cost $1,026,526,133 $2,424,490,647 $11 ,251 ,567 ,07 1

Cost Per Ton $109.94 $126.35 $215.15

Total Gost $40,011,228 ($56,072,1 6s) ($4,288,129,649)

Cost Per Ton ($3.2e) ($7 e3) ($ee oe)

The WTE and WEBR total and costs per ton for the identified term using the high bound tonnage forecast

forthe 10-yearterm,20-yearterm, and S0-yearterm are summarized in Table 5-3. Note that negative

values in the Difference column indicate savings if WTE is utilized rather than WEBR.

Table 5-3. Cost Comparison between WTE and WEBR - 4,000 Expanded to 5,000 tpd

Waste-to-Energy (WTE) - 4,000 expa,nded to 5,000 tpd

Total Cost $1,298,013,297 $2,922,300,885 $8,899,802,758

Cost Per Ton $97.35 $99.62 $112.18

WEBR High Bound

Total Cost $1,362,187 ,218 $3,376,330,508 $16,140,955,031

Cost Per Ton $1 10.25 $127.19 $216.90

Difference (WTE-WEBR)

Total Cost ($64,173,e21) ($454,029,622) ($7 ,241,152,273)

Cost Per Ton ($12 so) ($2t.stl ($104.72)

ln some cases, the difference in cost perton and total costs do not match, such as the low bound

scenario difference in WTE to WEBR for the 1O-year term, because WEBR is truly a cost per ton of waste

where WTE has an annual cost regardless of total processed. The WEBR total cost is only for the

quantity of waste projected. The WTE total cost and cost per ton assumes a fixed quantity of waste

processed (up to the facility capacity). The WTE analysis includes tonnage and revenues from tipping
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fees for outside-County waste to meet the facility capacity and does not include cost for disposal of
County waste above the facility design capacity. WTE cost per ton would be 9% higher if excess waste
capacity is not successfully sold; however, is still less than the WEBR cost per ton over the 5O-year term.
ln some scenarios, the total projected tonnage exceeds the facility design capacity, but it is assumed that
the WTE facility can operate up to 10% above the design capacity, based on historic experience and
industry standard. The planned facility expansion occurs before the projected waste tonnage exceeds the
1 10% design capacity.

Both options cost over $1 billion in the near term (10-years) and over $6 billion in the long term (50-years)
but the WTE facility disposal option could cost up lo $104.72 per ton less than WEBR over the long term
(S0-years). For the low bound tonnage estimates ancl 10-year term, the WEBR totat cost is $40M less
than WTE facility disposal, but actually costs $3.29 more per ton because the WTE facility disposal option
assumes acceptance of more waste to reach facility design capacity than disposed of by WEBR. ln
additional, past the first 10-year term, the WEBR cost, capacity, and availability could be drastically
different, with even higher prices than projected due to low supply and high demand. For the 20-year term
and beyond, WTE facility disposal is lower than projected WEBR costs for both total cost and cost per
ton.

ln addition, the WTE and WEBR cost per ton at years 1, 10,20, and 50 are summarized in Table 5-4 and
provide a snapshot of the cost per ton at those years:

Table 5.4. Cost Per Ton Comparison between WTE and WEBR

Waste{o-Energy (WTE) -

3,000 expanded to 4,000 tpd
$102.19 $109.85 $154.81 $148.08

Waste{o-EnerSy ftWE) -

4,000 expanded to 5000 tpd
$90.67 $107.46 $104.83 $161.54

Waste Export by Rail (WEBR) $96.34 $124.38 $161 .28 $391.46

Difference W|E-WEBR)

Low Bound
$5.85 ($a.e+; ($6.47) ($243.37)

Difference (WTE-WEBR)

High Bound
($5.67) ($16.e2) ($56 44) ($22e.e2)

*costs are net cost and deduct revenues received

For the low bound tonnage forecast assuming a 3,000 tpd WTE facility, the Year 1 cost per ton for WEBR
is lower than WTE facility disposal, but in Year 5, the cost per ton for WEBR exceeds the cost per ton for
WTE facility disposal, and so continues for the S0-year term. For all the high bound tonnage forecasts
terms, the WTE facility disposal costs less per ton after accounting for expected WTE energy revenues.

Figure 5-1 and Figure 5-2 show the various cost per ton over the S0-year term for both low bound (initial
3,000 tpd WTE facility) and high bound (initial 4,000 tpd WTE facility) scenarios. WTE revenues,
expenses not including annual amortized capital cost, and net facility cost which includes expenses,
annual amortized capital cost, less revenues are included to compare with WEBR cost perton. The
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WEBR cost per ton drops slightly after year 10 because the additional capital cost for the IMF facility or

additional IMF capacity is assumed to be completed year 10. The WTE net facility cost per ton changes

significantly various years, with timing depending on which scenario, high bound or low bound, is shown.

For the low bound scenario (initial 3,000 tpd facility): the increase in Years 1 8, 19, and 20 are due to cost

for facility expansion before the facility can accept the additional waste; the drop after Year 30 is due to

the completion of the annual amortized initial capital payment at the end of the 30 year term; and the drop

in Year 49 is due to the completion of the annual amortized expansion capital payment at the end of the

30 year term.

Cost per Ton Comparison - WTE and WEER
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Figure 5-1 . Cost Per Ton Comparison between WTE and WEBR - lnitial 3000 tpd Facility

For the high bound scenario (initial 4,000 tpd facility): the increase in Years 11 , 12, and 12 are due to cost

for facility expansion before the facility can accept the additional waste; the drop after Year 30 is due to

the completion of the annual amortized initial capital payment at the end of the 30 year term; and the drop

in Year 41 is due to the completion of the annual amortized expansion capital payment at the end of the

30 year term.
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Figure 5-2. Cost Per Ton Gomparison between WTE and WEBR - lnitial 4000 tpd Facility

As mentioned previously, there are several risks or assumptions included in both the WTE and WEBR
financial models which, if different, can significantly impact the projected cost in the short term and long
term. The top 5 risks or assumptions impacting the financial models for both the WTE and WEBR are
identified in Table 5-5:
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Table 5-5. Top 5 Risks or Assumptions lmpacting WTE and WEBR Financial Models

Facility capacity and tonnage projections. lf the larger

facility capacity option is selected and the actual waste
processed is significantly lower, the cost per ton of
waste will significantly increase. This could occur either
because King County tonnage is below forecast, or

because excess capacity is not successfully sold.

Short term contracts, which may result in large

fluctuations in fees long term.

Electrical sales revenues. Current estimates are

conservative with conservative escalation ('l .5%

annually). lf revenues are higher, the cost per ton for

WTE facility disposal will further decrease creating a
larger difference from WEBR.

Rail capacity limited presently and likely in the future

which can result in increased costs as demand

increases.

Carbon sequestration (carbon neutral and carbon free).

Carbon neutral requirements can likely be met by

carbon sequestration equipment, but if carbon free

requirements are enacted, exceptions would have to be

made for WTE facilities.

Congestion or service intenuption (i.e., snowstorm,

earthquake) of rail system may result in lower reliability

and additional costs for expansion or improvements or

need to road-haul waste to landfill..

Escalation Rate. Current CPI estimate is 3%. All costs

except electrical revenues use this CPl, but actual CPI

can vary over time and expense type. This risk is also

true for WEBR, but was not identified as one of its top

five.

Compaction of waste per container. Current estimate is

conservatively based on current County waste

compaction. Variances will impact hauling and disposal

costs per ton.

Materials Recovery. Quantity of metals and aggregate

recovery, revenues, and reduction of ash for disposal all

impact costs and revenues for the facility.

Captive shipper landfills make it more difficult to switch

landfllls and rail hauler at end of initial contract.

Therefore, they have the power to increase rates

without competition.

Based on the financial models developed, WTE facility disposal costs less perton of waste and provides

the County more financial control of long-term waste disposal costs than WEBR and could result in

approximately $+.9 to $7.2 billion in savings over the 50-year term. When compared to WEBR, the risks

or assumptions for the WTE facility disposal option can be mitigated earlier in the life of the project, such

as with development of a PPA to control electrical revenues for a longer period of time, or carbon

sequestration requirements and permitting which should be determined at the time of facility

development. Therefore, the costs for WTE facility disposal are likely lower and more reliable than the

potentially volatile WEBR market.

5"3 PermittinE

The construction of either a new WTE facility or IMF facility will require many of the same licenses,

permits and / or approvals related to a new construction project. Such permits are listed in Table 3-10 in

Section 3.6 and in Appendix B. However, due to the handling and combustion of solid waste, the

permitting requirements for a new WTE facility are significantly more robust than for an IMF facility.

Permits required for a WTE facility that are not required for an IMF facility include a PSD air construction
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permit and visibility impact analysis prior to construction, and a Title V operating permit and solid waste
handling permit once the facility is operational. Both types of facilities will still be subject to other
environmental regulations such as stormwater control and other Federal regulations for their respective
facility types. Refer to Table 5-6 for a comparison of permitting requirements. Procuring the Tifle V
operating permit and solid waste handling will take place during the construction phase, and will not affect
the critical path of the schedule.

Table 5-5. Permitting Comparison

Planning and SEPA Approvals, including EIS \/ \/

Land Use and Related Early Permit Submittals \/ \/

Building and Construction Permits \/ ,/

Operating Permits and Approvals v
PSD Air Gonstrr.rction Permit v
Title V Operating Permit (or addltlonal requirements of RCW
80.50 if >350 MW) \/

Visibility lmpact Analysis v
Solid Waste Handling Permit \/

5.4 RegulatoryEnvironment
WTE and WEBR waste management strategies will involve many of the same regulatory agencies and
involve many of the same regulatory processes. For example, both alternatives will require an extensive
public participation and approval process under the State Environmental Policy Act ('SEPA'). The SEpA
process will require that a comprehensive Environmental lmpact Statement ("ElS') be prepared to
evaluate environmental impacts associated with the County's preferred strategy. A site for an IMF or WTE
facility will need to be selected by the County such that site-specific environmental impacts and mitigation
measures can be evaluated in the ElS. The EIS will also need to discuss GHG emissions.

Regulatory considerations for WTE and WEBR are summarized below:

. WTE may be less familiar to regulators than WEBR, requiring additional time and effort to address
agency questions or concerns. However, as Spokane City does have a WTE permitted in
Washington, it should be manageable with some education of the local regulators.
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. WTE may be less familiar to the public than WEBR and may require higher public participation efforts

compared to WTE. This could be managed with a proactive public campaign early in the planning

process.

. Siting a WTE facility may be more challenging than siting an IMF in the County due to familiarity and

possibly adverse public perceptions. This is a true challenge that will take time and public education

to understand the limited impact. However, siting either an IMF or a WTE within the County limits will

require early public interaction to help avoid the "Not in my backyard" affect.

. WTE permitting may be more difficult and time consuming compared to WEBR due to complexities in

air permitting. This is complex and somewhat time consuming, but from a regulatory standpoint is

easily achievable. WEBR permitting will be significantly more streamlined.

Public acceptance of the County's proposed disposal strategy may strongly affect the timing and difficulty

of the SEPA / EIS approvals as well as the ability for the County to site a WTE facility or lMF. WEBR is

currently being implemented by the City of Seattle and other communities in Washington and is therefore

likely to be familiar and less challenged. Washington has some familiarity with WTE from the Spokane

City WTE facility; however, the Spokane City facility is much older than a new WTE facility and emissions

and safety technology has improved since Spokane City's facility was built.

5.5 Environmentallmpacts
The following sections summarize environmental impacts of the WTE and WEBR disposal methods,

which are compared based on the greenhouse gas impacts.

5.5.1 Greenhouse Gas lmPacts

The GHG evaluations for WTE and WEBR disposal strategies are discussed in Sections 3.12 and 4.6,

respectively. Table 5-7 compares net GHG emissions for WTE and WEBR using the EPA WARM Model

Microsoft Excel spreadsheet method.

Table 5-7. Comparison of Net GHG Emissions for WTE and WEBR, WARM Method 1

Net GHG Emissions,

excluding ash recYcling (z)
0.1 3 0.12 to 0.33

Emission Credit for AMP (3) -0.11 0.00

Emission Credit for Ash

RecYcling ta)
-0.07 0.00

Total Net Emissions -0.05 0.12 to 0.33

(1) The WARM model Excel spreadsheet does not explicitly show or allow changes to carbon sequestration credits for landfilling.

The fower emission estimate assumes a carbon sequestration credit of 0.21 MTCO2Ellon based on emission credits in the

WARM model documentation (see Appendix D).

(2) Net GHG emissions assume short haul trucking of 20 miles to WTE facility. Mileage to landfill was assumed to be 20 miles for

trucking to IMF and 320 miles of rail mileage to out of county landfill. The rail mileage was reduced by 80 percent to account
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for assumed 2o-percent lower emission factor for rail versus truck transport. The adjusted WEBR mileage used in this
analysis was 84 miles (20 miles + 320/5 miles = 84 miles).

(3) Em ission credit assumes additional 0.003 tons of ferrous melals and 0.01 1 tons of non-ferrous metals can be recovered with
AMP compared to WARM model default estimates.

(4) The emission credit for ash recycling was calculated using WARM Method 1. lnpuls: 0.075 tons of ash per ton of MSW;
composition: fly ash.

Table 5-8 summarizes the WARM model results using the emission factors and emission credits in the
WARM model documentation, with refinements to the emission factors to account for lower rail emissions
compared to truck transportation on a per mile basis, increased emission credits for AMP and ash reuse,
and increased LFG recovery.

Table 5-8. Comparison of Net GHG Emissions forWTE and WEBR, WARM Method 2

Facility Sources 0.42 0.34

Transportation Sources 0.01 0.03

Utility Credits -0.26 -0.08

Other Credits (1) -0.22 -0.21

Total Net GHG Errrissions (?) 0.05 0.08 to 0.29

(1) Other credlts for WTE are associated with rncreased ottsets tor AMP and ash reuse. Other credits for WEBR are
associated with carbon sequestration of non-anaerobically biodegradable biogenic wastes.

t2) The higher emission value does not include the carbon sequestration credit.

As indicated in Table 5-7, WARM Method 1 indicates that a net difference of 0.17 MTCO2E/ton of GHGs
can be avoided by WTE compared to waste disposal at an out of county landfill using WEBR. lf carbon
sequestration emissioll credits are not applied to the landfill, then a net difference of 0.38 MTCO2E/ton of
GHG can be avoided by WTE compared to WEBR, assLlming a carbon sequestration credit of 0,21
MTC02E/ton.

As indicated in Table 5-8, a net difference of 0.13 MTCO2E/ton of GHGs can be avoided by WTE
compared to waste disposal at an out of county landfill using WEBR if emission credits for AMP and ash
reuse are factored into the analysis. lf carbon sequestration emission credits are not applied to the
landfill, then a net difference of 0.34 MTCO2E/ton of GHG can be avoided by WTE compared to WEBR,
assuming a landfill carbon sequestration credit of 0.21 MTCO2E/ton.

ln 2008, the City of Vancouver, BC conducted a similar study that compared GHG emissions between
WTE and a landfill. The Vancouver, BC study evaluated GHG emissions using IPCC guidance rather than
the USEPA WARM model. The Vancouver, BC study did not include transportation GHG emissions or
GHG emission off-set credits for electric generation, ash recycling, or carbon sequestration.

The Vancouver, BC study calculated net GHG emissions for two waste composition scenarios. The first
scenario was based on 2008 waste composition data (52 percent recycling rate) and the second scenario
was based on predicted 2016 waste composition. The second scenario assumed that the city achieved its
recycling goal of 70o/o in 2016.
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The waste compositions used in the Vancouver, BC study are summarized in the Table 5-9. U.S.

National waste composition and 2015 County waste composition data are also included for comparison

Professional judgement was used to cross-reference national and the County composition into the

categories used in the 2008 Vancouver, BC study.

Table 5-9. Waste Compositions Comparison

Wood 22.9 13.3 138

Paper and Paperboard 14.6 10.0 13 12

Food 12.5 10.0 22 19

Yard.and Garden 4.2 0.0 58

Plastics 8.3 10.0 19 18

Non-Compostable Organics 8.3 13.3 20

lnorganics 6.3 10 14 6

Other 22.9 33.4 16 25

Totals 100 100 100 100

As indicated in Table 5-10 the results from the Vancouver, BC study and the County Study were similar

for GHG generated from waste combustion and landfilling. Emission credits were not evaluated in the

Vancouver study, so no comparison can be made regarding off set credits for avoided COz emissions.

Table 5-10. Comparison of Vancouver and County GHG Emission Estimates

2008 20'16 201 9

WTE Landfill WTE Landfill WTE Landfill

0.30 0.35 0.42 0.22 0.42 0.32

The relatively high emissions for WTE in the County compared to Vancouver may be explained by the

relatively high percentage of plastic in the waste stream used in this Study. The percentage of plastics in

the national waste composition is similar to the plastics composition in the County waste stream,

suggesting that the GHG emissions for the County should be similar to national averages.

The percentage of food waste in the national and the County waste composition data is higher than the

Vancouver composition data. Since food waste produces relatively large amounts of methane compared

to other waste categories, this suggests that landfill GHG emissions for this Study should be higher than

emissions from a Vancouver landfill. This could be partially offset by higher moisture conditions in

Vancouver compared to an out of county landfill considered in this Study. Higher moisture conditions

promote faster and more complete anaerobic decomposition of the waste. Overall, the comparison of the

Vancouver study and this Study suggest similar results.
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5.6 Transportation Needs and Traffic lmpacts
Both WTE and WEBR require centralized facilities for reception of waste from the transfer stations (the
WTE facility or the IMF). Transportation impacts from trucking at these locations are therefore expected to
be comparable to those seen at regional landfills. Additional transportation requirements and traffic
impacts at the WTE facility are strongly dependent on the siting of the plant, specifically as it relates to the
disposal of ash and bypass wastes. ln contrast, additional impacts of WEBR caused by increased rail
congestion will be regional rather than localized around the lMF, but the degree of congestion and
possible mitigation are depending on siting and future rail use.

Quantitatively, the most direct comparison between a WTE facility and WEBR solution is through
examination of vehicle and rail "ton-miles", or the transport of one ton of MSW for one mile. Thus, in 2025
a WTE facility would have similar or slightly higher vehicle traffic as WEBR, but considerably less rail
traffic. As discussed above, a key factor in determining transportation requirements for WTE is the
disposal of ash and bypass waste, which is reliant on facility siting. As MSW tonnage and transport
requirements increase in future decades, this trend is projected to remain constant. A full accounting of
transportation projects through 2075 is provided in Appendix H.

Table 5-11. Transportation Needs of WTE vs. WEBR in2025

LowLow

Estimate
High

Estimate Estimate
High

Estimate
Low

Estimate
High

Estimate

Total Vehicle Ton-
Miles

18,560,920 21,585,360 23,757,96A 27,629,260 18,560,920 21,585,360

Total Rail Ton-Miles 83,152,640 96,702,400 296,974,720 345,365,760

5.7 Summary Gomparison

The following subsections provide the advantages and disadvantages identified within this Study for using
either WTE or WEBR as the County's next MSW disposal method.

5.7.1 WTE Advantages and Disadvantages

Advantages and disadvantages associated with constructing a WTE facility to dispose of MSW within the
County are as follows:

Advantages

. Lower long-term net cost for waste transportation and disposal per ton than WEBR.

. Control of waste disposal is independent of available landfill and rail capacity (not at the discretion of
contracted haulers and disposal facilities that have control of the fees charged).

. Long term waste disposal (at least 2}-year contract term with options for extension and expansion).
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. More environmentally responsible than landfilling

wAc 173-303-140

. Resource recovery including electricity generation, metals recovery, and potential aggregate reuse.

Disadvantages

. Significant capital investment and ongoing costs for maintenance.

. Regulatory - carbon neutral to zero carbon requirements . lf zero carbon electrical generation is

mandated, an exception for WTE facilities would have to included or sophisticated carbon flue gas

capture would be required.

. Lower electricity sales revenues in region compared to other national waste-to-energy facilities due to

large use of hydroelectricity.

. Set capacity based on facility size resulting in fixed costs regardless of actual waste tonnage

available. This is pertinent as the County may not know if actual waste tonnages match the low or

high bound projections or if excess capacity can be sold until well into the planning / design process.

. Facility will likely face significant opposition for siting and establishing a location due to public "not in

my backyard" concerns.

5.7.2 WEBR Advantages and Disadvantages

Advantages and disadvantages associated with implementing WEBR as an MSW disposal system within

the County are as follows:

Advantages

. Lower fuel consumption and emissions than the County's current truck transportation system,

although truck drayage of intermodal containers to the IMF is anticipated to be roughly equal to the

County's current trucking from transfer stations to Cedar Hills.

. Less interfacing with the motoring public at an IMF than at or near Cedar Hills.

' ln the event of a rail line outage or blockage, containerized waste could be transported by truck /

chassis over alternate routes to the landfill. ln an emergency, the waste companies could also make

alternative disposal landfills available such as the Greater Wenatchee Landfill (WM) and Coffin Butte

(RS) in Oregon.

. Some possibility of improving regional freight mobility and spurring economic development if an IMF

can be developed for materials that would move better by rail rather than by truck.
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Disadvantages

o Although the railroads, the State, and the Federal government continue to invest in upgrading rail
infrastructure, present and future capacity is limited. Unless a major catastrophe such as a landslide
or earthquake wipes out a significant portion of the Seattle-Portland track, there will continue to be
some rail capacity. The question becomes one of affordability, i.e.,'how much is each customer willing
to pay the railroad to move its products. lt seems likely that each railroad will select and prioritize
what commodities it will haul based on its own economic self-interest: that is, which combination of
total tons and rate/ton provides the highest economic benefit for the railroad. Other considerations
could be length of contract; stability and/or change in tonnage of cefiain commodities (e.g. coal);
other factors from outside the region, etc.

. Siting a new IMF (if required) requires a large piece of land with or adjacent to existing tracks.

. To minimize their risk, in the interviews, railroads indicated that they typically want contracts of five
years or less. This will affect future pricing projections and expose the County to much higher
disposal risk.

' Rarely, if ever, do the railroads offer liquidated damages or agree to service performance criteria.

. WEBR option is at risk of a potential derailment that scatters several rail cars and loaded or empty
containers (depending on the direction of the train: Loaded=south and east; empty=west ancl north)
and spillage of waste could occur. This differs from a truck spillage incident where typically only one
truck is involved, spilling significantly less waste than a train carrying 80 to 100 intermodal containers

. A new IMF may be required to accommodate the additional capacity for the County's waste. At
present, railroad traffic is highly congested in and around the greater Seattle and Portland areas and
the railroads are limited in what they can offer the County for dedicated intermodal service and yard
space for building trains. Thus, it is possible that an independent terminal operator, or the County,
would need to provide the railroad a facility with rail access to connect and transport loaded railroad
cars to the landfill.

"Captive shipper" landfills are served by one railroad each: Republic Services' Roosevelt landfill is
served only by the BNSF; WM's CRLF and Waste Connections' Finley Buttes are served only by the
UPRR. lf the County wants to keep using the same landfill when the initial contract expires, then there
is no choice of railroads because only one railroad serves that landfill. Conversely, if the County
wants to change landfills, then it has to change railroads.

a
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6 CONCLUSIONS

The Arcadis Team has performed a review of the relevant information and developed comprehensive

financial models and GHG analyses for both WTE and WEBR scenarios. As these evaluations and the

limitations of our scope heavily impact the proposed conclusions, the conclusions should be directly

reviewed in conjunction with the Arcadis Team's scope of services, direction received from the County

during the Study development, and the complete text of this Study for a clear understanding of the

limitations of review and the comprehensive summaries, assumptions, and comparisons for each topic.

6.1 Tonnage Forecast and Landfill Capacity Conclusions

Review of the various tonnage estimates, developed in conjunction with the County, settled on a low and

a high bound tonnage forecast that ranges a large span of MSW volume for disposal, from 1,035,239 tons

in 2045 on the low bound, to 1,496,171 in 2045 on the high bound. This large swing of over 450,000 tons

between the scenarios greatly impacts not only the future costs borne by the County, but what design

decisions must occur, primarily for initial WTE construction capacity and expansion dates. As the County

may not know which forecast will be more accurate in the upcoming years until several years have

passed, it is important that the County move fonarard in a manner to allow for the greatest flexibility in

changing future decisions to accommodate waste conditions. For WEBR options, the impact is limited to

ensuring sufficient IMF capacity is available for all future options. However, for WTE, it is critical that the

County look for site options that would allow for larger facility sizes when performing initial siting and

location evaluation so that the opportunity to increase the size of the facility during the proposal stage is

possible.

Additionally, the large range of forecasting will significantly impact remaining landfill air space at Cedar

Hills. Based on current available airspace and proposed future permitted capacity, the Arcadis Team has

estimated that even with WTE ash disposal (assuming a reasonable ash re-use case), Cedar Hills would

have remaining air space well into the WTE facility commercial operation period, assuming a COD date of

2028.lf the County is able to permit an additional lined cell for use as an ash monofill, the County could

save significant costs for hauling and disposal of the remaining WTE ash during the operating period. lf

the County maintained sufficient airspace to provide for ash disposal at Cedar Hills for the entire S0-year

term with a cost of disposal at Cedar Hills of half the cost of WEBR, the Arcadis Team estimates a 50-

year savings to the County of over $350 million or a total sum cost per ton reduction of $6/ton for the

entire So-year period. lf the actual landfill operation cost for small volumes of ash disposal is less than

half of the predicted WEBR price, which is likely, the cost savings to the County would increase.

6"2 WTE Conclusions

After review of the appropriate data and models, it is apparent that due to the stability of operational costs

and revenue streams, WTE will provide a gross savings of approximately $4.3 to $7.2 billion (low bound

to high bound tonnage forecast) when compared to WEBR over the S0-year planning period and WTE

has a significant advantage on improving recycling rates and energy recovery when compared to WEBR.

While the short-term, 1O-year, cost-per-ton differential between WTE and WEBR is nearly even due to the

large construction cost for WTE, WTE's multiple revenue streams significantly lower escalation and
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inflation impacts and protect against future price increases as the County moves fufiher into the planning
period.

WTE has a long development period and is estimated to take eight (8) to ten (10) years before the County
could begin commercial operations, with significant concern for the timeliness of the public comment
period and submission and review of the PSD air permitting documents with the regulatory agencies, as
well as the potential lengthy timeframe associated with identifying and acquiring a new site, in a worst
case scenario. Analysis of the remaining air space in the current and proposed future landfill cells show
that the County has sufficient time and disposal capacity to use the landfill during the long-lead time
required for project development.

Modelling lifecycle GHG emissions for a WTE facility is complex and depends heavily on the assumptions
utilized for offsets due to recovered materials and energy generation. However, without offsets, WTE has
known anthropogenic GHG emissions for every ton of MSW combusted. Even with offsets for recovered
materials, WTE will likely require carbon capture and sequestration technology installed in order to remain
viable pastdeadlines in 2030 and2045 forcarbon neutraland non-emitting utility sources mandated by
the Washington State legislature. These GHG capture systems are on the cusp of commercial viability,
but would be the first of its kind installed in a commercial fashion on a WTE facility in the US. lf
complications arise with installation or operation of the system, or if regulators do not approve use of such
a system to be compliant, it could have associated long{erm risk of non-compliance with State law, if the
law rernains unchanged.

Prior to completion ot this Report, the Arcadis Team requested Ramboll to conduct a peer review of the
Report related to the waste-to-energy content with a particular emphasis on European best practices.
Appendix I contains their review with our response to their comments embedded in their document in
bold italicized orange font text.

6.3 WEBR Conclusions
After review of the appropriate data and models, it is apparent that because of the short-term nature of a
negotiated WEBR contract (5-10 years before renegotiations)and the difficulty in sourcing an IMF
accessible by both railcarriers, the Countywould have a higher riskof price increases overthe life of the
planning period. WEBR costs have a high potential for future escalation due to the limitations in existing
railcapacity and the potential monopoly effect if there is no IMF served by both raillines to spur
competition during future negotiations. These risks are not built-in to the current pricing comparison and
represent a large unknown that the County will be at risk for in future disposal cost and solid waste rate
impacts.

It is unlikely that any existing IMF could handle the addition of all of the County's currently available
waste, but expansions or additions to existing lMFs or construction of a new IMF is a relatively easier task
than the permitting, review, and construction process for a WTE facility. lf necessary, the County could
begin using WEBR for future disposal in two (2) to six (6) years, depending on what siting and
construction is ultimately required. lf the County moves fonryard with WEBR for the total volume of waste,
it is likely that the current rail haulers will require or request that the waste be implemented in a phased
approach over time.
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WASTE-TO-ENERGY AND WASTE EXPORT BY RAIL FEASIBILITY STUDY

GHG estimates of WEBR show that due to the propensity for a landfill to be a carbon sink for certain

anthropogenic plastics, landfill gas energy recovery, and the lowered GHG emissions due to rail haul;

WEBR would be a negative GHG source if landfill gas collection efficiency is as high as assumed in the

WARM model. However, because actual landfill gas collection efficiency is lower than WARM model

estimates, GHG emissions for WEBR is closer to net-neutral or slightly positive due to the high global

warming potential of methane emissions. Additionally, WEBR provides no additional ability to recover or

re-use certain materials such as metal and aggregate, which will lower the volume of total recyclables

collected in the County when compared to WTE.

6.4 Summary

Based on these conclusions and the broader discussion throughout this Study, the Arcadis Team

recommends that the County consider pursuing additional preliminary evaluation, permitting and siting

considerations, and other steps necessary to move forward with WTE facility disposal over WEBR. Due to

the long-term cost savings, improved recycling rates, and potential for net negative GHG emissions with

the inclusion of carbon capture technology, WTE facility disposal will provide a significant financial and

environmental benefit to the County over WEBR. Additionally, even with the potential for hurdles during

the permitting and siting process, WTE represents a much more stable long-term financial profile over

WEBR to protect the County's solid waste rate structure against future inflation and escalation.

Because of the timeframe expected to update the County's Comprehensive Plan for Solid Waste

Management for any future change to disposal options, the Arcadis Team recommends the County

evaluate the opportunity to perform simultaneous siting and planning studies for WTE in parallel with

updates to the Comprehensive Plan. This would improve the critical path schedule to allow for the WTE

facility to enter commercial operation at an earlier date and to maximize available landfill airspace for

future risk aversion.

Finally, concurrently with the existing County activities to maximize capacity at the Cedar Hills landfill, the

Arcadis Team recommends that the County evaluate opportunities at Cedar Hills for future ash monofill

development and long-term disposal, as well as opportunity to either purchase additional adjacent

property or use the buffer space as a potential siting location for the WTE facility. The WTE financial

model evaluated within this Study utilized assumptions that were site neutral in an effort to provide the

best comparison case, and added conservatism, when comparing against WEBR. lf the County utilizes a

current County-owned property for development of the WTE facility and maintains air space at Cedar Hills

for future ash disposal, the County could save an additional $100 million in avoidance of land purchase

and $350 million in ash disposal and hauling costs over the S0-year planning period. These combined

savings would reduce the total cost per ton for the S0-year period by approximately $6/ton. lf the County

wishes to maximize future landfill airspace at Cedar Hills or waste forecast tonnages are significantly

higher in the short term than expected, the Arcadis Team recommends that the County consider short-

term, partial WEBR of a portion of available MSW during the long planning process. Smaller tonnage

amounts should be easily implemented with existing lMFs. This would allow for the County to maximize

future airspace available or perform long{erm expansions or additions of the Cedar Hills landfill for future

use as an ash monofill.
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22.241

36.752

4.049
51_387

5A-767

{2m,060
{193.5!

l7a1 77C

t174.134\

1167_5601

{160.9491

t154 301

1134-128)

1127.3?8)

{120.4891

1113 6111

933,450

938,853

944.256

949 560

{34,91:
I29.901)

124.8901

I19 8781

I9.3751

14.1241

1 1)7

12.085

17.82S

)7 591

15.2 39

41 110

47 014

.274.4 L<

{268.40S

t262.366

1256 29i

{237,866

i231.65
1225.406

Wod crec: No aggreg3te re-ure apptrcatron. Resrdue Cd 23% by weiSht ol incoming tonnage
t6 bc landfilled

1.041.110

1 047 014

1,058,923

1,464,928

\.410.967

1 A17 04A

1,A95,467

1.101,580

1.107.927

1 114 210

1,1t6,883

7,733,273

1.139.700

1 146 163

1,159,199

7.165.713

1.172.344

1.179 032

1,192,443

1,199,205

1,206,005

1.:12.844

7 219 722

933,450

938.853

944.256

949 660

965.087

970,099

975.rtA
980 122

945,373

990,525

995.875

1 AOl 1)7

1,006.379

1,012,086

7.417.425

1 071 597

1,429,402

r,035,239

2056

20s1

205a

205 1

2062

2063

2054

za66

2067

2068

207 t
2012

207 3

2014

2075

2026

zo27

2028

2432

2033

2034

2035

2035

2031

2038

2040

zo47

zo47

2043

2045

2045

2047

2049

2050

2051

2052

2053

2055



Bes Gsc - tow

Tobl tons of

54,540,180

20year horiron
12025 - 20451

50 year horizon
1202s -20751



/7,551i

14 t,90t

l8 2871

22.1121

5 2.6391

41,06/

\t ,7 t6

97.27i

!29,164

157.\9',

ls q42l

4 1.826

101,886

114.105

(50,079)

35.1 83

1Si S88

(175 7141

11Sl 9061

lr

(85,972

115 593

Total disDosal capecitv

reouired {cvl

1,349,085

1.396.303

1,431,270

38.048

34,264

38,702

18.922

39,144
19.167

19,592

3 9.818

40,044

4A )13

40,502

40.965

41,199

41.414

41,667

47.66 7

4r,661
41.667

41 651

2q 5S7

10.109

to 630

31.159

31,699

32.746

12,803

33 313

I 3,333

33.3 3 3

15.156

36,563

36.77 2

16 941

31 .I92
37 dO4

37,617

{cvl

Res,due/{ash)

tr 118

3 1,3 l5
71 494

3 1,673

31,854

3 2,036

32,218
32.402

32,587

32.112

32,959
33.14

13,3 33

31 133

33.313

33.333

23,618

24.08

24,504
24.927

25,358

)s 19

26.ZA3

26,66-7

26.66

76,667

)a.667

25,667

29.085

29,251
19.4rA
29,585

79.'154

z9,923
30 094

30,266
30.43

30,612

30 786

30,961

Residue/(Ash)

181.109

1161.211

I159 2071

(l48,239

I137 ?D9l

{126.11

{114,9(
( 103.74C

1i92,4s7"

i69,69€
(58.218

146,615
135.06

( 21,391 )

l1 1.6491

159

12.035

21,979

35,990

4a 071

12,434

1.349.085

1,396,303

1,43 1,210
(185,7951

t 135, r8
170a.77

(81,11',

lsa 17

(25.5(

1,849

30.594

60,03 /
aq 884

120,254

f255.5201

i255,1591

1244.73

l234,z5at
1223 7 191

I213.1191

1202 459l
(l9r,73t
1180 95S

t170,11i{ 136,09C

{118,5r

1109,76i
{100.89:

(91,96E

t82.99:
(73.9651

164.887',

155,157
146.S75

{ 17.34r

tr8 051

(18.71:

ig 119

12

9.628

19,183

28.792
3a 457

57.950

1,117,O42

1.144,968

{149,4361

{12A.S5q

{ 108,14s

/86 96t

165.421

l4t 50?

127.2A4

1,419

48,030
11 910

96,203

1712 416\

t204.127)
1195 7q11

IraT,407)
l1 78 qTSl

(170.495)

i161 q671

{153,3901

1144 164\

lr27 365l

Eest Case: Combined ash re-use. Residue @ 2% by werght of jncominE toililage to be

landfilled.

Garbase (T)

1.079_268

32,66E

&.729
56,859

5S.058

81,i 27

91 56q

106.07 4

1 1a 554

131_10

143,7 2

156,

158.285

tE0,z29
\92.240
1n4 321

216,414
229.648

148 30t'
i20,325

a 117

37.090

66,544
95.507

126,849

15S.6q4

185,037

2 14 Aaa

245,254

t129,184)

I118.0461

I105 a441

195.s78t

lao ?4

{72.853t

i61 39

{49,868
l3a )11\
I 26,62C

{14,89t
t3.10i

8,750

70.6'ts

Total disposal capacity
required lcy)

1.349.085

1,396,303

1.431.210

{75.80s1

125.000

137.113

118,681

L39,471
140.266

141,066

141.870

14) 6]A

143.492

l4I3A9
145.1:2

146.791

I47,624
148.46q

149,316

lSO 167

151,023

151,S84

152.749

153,620

154.496

155,376

156.250

155.250

156,250

156.250

156,250

156,250

156.250

(cv)
Residue/(Ash)

110,990

11 2 909

L14.861

116 447

118.867

r20,922
1)l o1?

125.000

1?q ooo

125.000

136,336

100 000

71,r,517

112.213

I I 2,852

1r1.496
11{,143
174.'193

115,448

116.106

176.761

1r7 4l?
118.102

114176

119,453

1)O 133

120,318

121,50'/

122.199

122,496

123.596

124,30I
125.000

125 OOD

125,000

125.000

125,000

I 25.000
12S.000

88,792

90,327

91.889

93,477

95.093

96,737
ca 410

10{.000

100.000

100,000

100.000

109,069

109.690

I 10,316

110.944

{Tt

Residue/1A5h)

t170.11:

{185.795

72 414

89,488
120.254

t265,5201

i2ss 1591

1244,738
1234.2S81

{223,1 )

1213 1191

{202,45:
1191.73t

t 180,95:

1t59,241
I14A 2lq',

{137,20S
l1)6 116

{114,95C
l10l 740

{9 2,45;

{81,109

{69.59

{58.218
146.6751

{35,066)
123.39

(11,649)

159
t2 D3S

23,919

3S 990

4a,o7I

60,220

6arbaee lcv)
1,349,085

1,396.303

1,431,210

(161,211

i135.186

{r08,7
191 711

154.3781

125 905)

1.849

30,694

60.037

46.51

149.436\

136.0901

J.21,365l'

109.767)

(64,887)

127
g6;

19, lt
24792

57 950

!.117.042
1,744,964

1108_1491

l6s 411l

l?t.z04)
1.479

1204 1)11

I 1 18.991 I

lro0 3q?t

Regonable case; 75% of bottom arh is re-used. Residue @ 7.5% by weiSht o{ ibcoming

tonnaqe to be landfllled

Garbaqe {Tl

1,Af9,268

152,5f6
165 3?1

178,138

191 029

201,993

217 01n

230,742
241 129

256,59

269.929

243 341
796 B??

3r0,399
1)4 044

337,76

r9r s66

355,445

379,403

393.44 1

407,558

427.756

436,035

450.396

464.838
479.326

49l to2
503,145

s15 15

521,237
539.336

551 604

Total disposai

capac;ty required

ldl
1,349,085

1.396,303

1,431,210

1S3.5 76

185,043

217.055

249,620

?a) 7 4A

316.U8
350,732

385.182

4V,42
442 3lO
4f1,227
503 S8a

479 1 66

383.311

383,333

381 ?13

383,333

3al 333

4t8,Agf
4to 4ao

472,871

4)5.187
427.177
430.149

432,601

43s-057
431,54t
440.041

442.549

44\.07 1

447,648
4SO 160

452.?26

4SS i06
457.901

463.136

465,176

464.431
4t LIAT
41 3.14'1

416.481

479.166

479 166

419,166
479.166

479,166
479.755

lcv)

Residue/ia5h)

340.370

346,255

3t).)47
358,330

?54 525

3'IO.A26

355.05

358.087

tr60 1 )8
352.181

364 )45

155_321

370.50

372,621
37 4.145

376,881

319.029

381,190

t83 133

383.333

331,333

343 lll

27 ).296
277,O44

2at.792

286,664
?q1 6to
296.661

30t,790
za6.667

306,661

106 667

306,667

306 567

334.41f
316 344

3 38,301

340.2 30

)42,L69
344 tlg
346.08I
348.0S3

350.O3t

3S2.033

354,O39

Residue/lAshl lT)

349,085

44,738

I37,20S

l08,7rc

265.520

120 2S4

1234 2S8i

1213 1191

{170.11'

1148 23ql

l1?6 1161

l10l 74

{69.69€

t46.675

1? O3S

60,220

12 414

Garbape le)

1.396.303

1,431,210
1186 7951

lal 777'

t54.37t

16t.967

55.7571

9,183

195,79r

4)1\

tr_95t

31 .34A

86.9681

43_502

212 41e

t78.974

709.161

l)o4 1)7\

I

{136.09t

I

1100 89t\

t82.99)

127

28.792

48.176
57 9SO

1 117.O47

1149 436\

l10a 1491

1.479

4a 0lo

WorSt caie: No aggregate re-use application. Residue @ 23% by weight of incoming
tdhd:Ee to be lendfilled

1,157.888

1 341 363

1.405.243

1 429 536

1.4s4,254

1.470,475

1 419 )59

L4a1,69!
1 496 171

1,504,699

1.513 216

1,521,902
1.530.576

1,539,301

1 548 075

1,556,899

1 565 t77
1.574.698

1 5a3 574

1,5 92,70 1

1 601 719

1,610,909

1,620,091

r.629.326

L647.953
7,657,347

7.666.193

1 675 294
1,685,849

1.695.458

1,705,123

1,714,842
1 124 616

Total tons of
waste to be

1,079.268

1.117 A42

1,I44,968
1 193 8q7

1,204,364

1 )7\ 144

1.245.155

1,267,912
1.239.831

1,312,129

1 334 412

)o17

2038

7039

2040

)a41

2042
?043

2044

)o45
2046

2A47

2A4a

2449

2050

2051

2052
?o5l
2054

2055

2056

2057

2058

2059

2060

705 1

2462
7051

2064

2065

2066

2061

)06a
2069

2AlO

2025

2025

2021

)o)a
2029

2030

2031

2032
2033

2034
7015

2036

Eound waste Forecast

WTE online 2028 - 1,333,333 million tonnes- Expansion in 2040 to 1,666,665 tonnes.



7.774.33L

r.754.276

Total tons of
waste to be

managed

t.734.447
\,744,333

7.764.275

Year

2074
207)
2073
2074

2075

27 a30 53a

76 90a a17

zo yearhorazon

120?5 - 20451

50 year horizon
(2025 -2075)



Best Case - High Bound waste Forecast

ME online 2030 - 1.333.333 million tonnes. Exoansion in 2040 to 1.655.555 tonnes.

8es Case: Combined a5h re-use. Re5idue @ 2% by weiSht of incoming tonnage to be

landfilled

Total disposal

capaci!y requirec
( cv)

1 349 oas

1,396,303

7,431,214
1 479.87I
1,S05,455

{104.5s€

177,551
t50 07gj

122.t32\
6,294

1 5. r83
64,O27

93.370
123,221

r53.588

.229,!64)
{218.595)
12a7 966\

t791.2111

lr86 s76l

1115.714)

I t64 a4 1)

{153,906
l1a7 90R)

1137.84i
11)a 7)4\
( 109.531

{98,2871

186.97 )

{75.5931
(64.14!

(5?,6391

141.O6t

(29,4231

111.1lt
{5,94i
5.899

17,808

29.784
41 826

53,702

65.645

77,651

1 01 ga5

I 14,105

Residue/lAshl lcvl

30 530

I1.159
l1 698

32.)46

32,803

33.331

33,3 3

33,3 3 3

13.333

36,356

36.563
76 772

36,981

77 19)

37 .4A4

37,617

38,048

38,264

38.702

34.927
39.144

39,361

39.592

39,818

40.044
40.213
40.502

40,133
40.q55

4 1,199

41.434
4r,667
41.661

41,667
41,667

41.667

47,661

Residue/(Ashl

tTl

)4 SA4

24.921

23.-79 1

26,243

26 667

26,661

26 661

26,661

26.667

29,085

29.251
29,qta
29.565

29,754
29.923

30,094

30.266

30,4!8
30.612

30,/46
30 961

3 1,13 8

31 311

l1 673

31,854

l2 016

32,218
7) 402

32,581

1) 77

33.147

33,333

33.333

33,333

13.31?

I,349,085
1.396.303

1,43 1,210

1 479 a71

1.505 455

(13s,1861

{108.71

181,177)
IS4.Z7A'

(26,50:

I 449

30,694

60 037

89,888
120 )\4

t265,52t
1295 159

1244,1

1234.7Sl

1223,7 t9
1213.1191

{202,459)

I 191.738

(180.955)

1170.1121

{159,207}

1148.239\

t137.249)
lr 25.11 6)

{114.960)

l1 03.7401

{92.4571

181.10q1

i59.6951

I58.) 18t

146.675
13q 066)

(23_391

l1 1.6491

15

12.035

23,919

35.990

4a o71

60,220

1,079,26E

7.711.442

1,144,968

1 1a3 a97

r.244.364
(108,1491

{86.95f

165,421
i4: s02
( 2 1.204)

1 47q

24,55s
4A 030

95 203

1212.476\

l7A4 t21\
(195,791)

I7A1 407\

t774,975)
1170 495)

116t,96/l
1153 3901

M4,764t
l1t6 osol

{127.365

l11t sqll
t7a9,76J
1100 8qt1

t91,9€
(cz
(73,965

t64 8n7l

(55.757

(37.34t

(28,0531

( 18,7 1:
l9 119'

127

9.62S

19,183

2a.792
!a 457

44.176
s7.q50

Resonable Case: 75% ot bofiom ash is re-osed. Regldue @ 7.5% by weight of
incominp tonnaEe to be landfilled

Total di5posal

capacity

1,349,085

1 396 303

1.43 1.210

1,479,8t 1

1.S05.455

{20,325

66 544

96.50

tc5 03

214.888

r29.18r
l11a 04

106,844)

84,247l,

14,897

li 107)

32.668
q.t29
56.859

105.074

2X6.47A

2?8 58S

Residue/{,Ash)

114,861

116.447

118,S67

1?O 9))
123.012

125,000

r25.000
125,000

1 2 5.000

1 rs 000

136.336

137 t1?

137,89s

138 681

139,471

140 765

141,066

141.a70

t4z.67A
1 41 49)

144.309

145 1i)
145.959

746.791
747 .628

148,469

149.376

150,167

151.023

151,884

752.749

153,620

154.496

155 t76
155,250

156 2S0

1s6,2s0
156.250

156,250

155.250

155 250

Residue/{A5h) {T)

91,889

93 411

95.093

96,737

98.410

100.000

100.000

100,000

100.000

100,000

109.069

110,J16

110 944

111.577

11) )13

11 2.852

113.495

114_143

1 14 793

1 15.444

115,106

116.16't

7!/,433
118.102

I ta,t16
119.453

i20,133
120.818

t2r,507
177.799

122,496

123.S96

124,301

125.00

1?S 000

125,000

12S.000

125,000

125_000

175 ono

GarbaRe {ry)
t.349.085
1,395,303

1.431.210

!,419,417
1 S05.455

{ I 35, I8E

110a 710',

(81.77)

(54,3781

i26.505

I,849
30.694

60,03 /
89.888

I20,254
1265.5201

{255,1591
t244.738t
1734 25al

lrrt 1191

f202.459t
1191 738)

i1s0.955)
1170 1 1 rl
(159.207)

(148,239)

{137.2091

t 126,1161

1114 9601

1103.7401

191.451

{81,lC
169.696

t58,21[
t46.61\

{35,06t
t23.391
( 11,

159
12 03E

z),979
3S.990

48,071
60.220

7) 47R

6arbase lT)

LA79.264
1,717,042
1.144.964

1,183,897

1 204 164

I08,14S

185 958

i5.42t
1.43,5o2

121.204)

11.9r0

127).4161

195.791)

r6r.957)

144.764t

121

28.792

Worrt cajei No aggregate re-use application- Residue @ 23% by weight of incoming

Total di5posal

capacity
required {cv)

1.349.085

1,396,303

1.431.210

7,4J9,817
1 50S 45S

217,055

)49 6)0
f133.9181

1,983,115

2_017.398

2,05 1,849

2_040.693

2,1 10,03 /
2.139.AA7

2,tta,254
152.516

]65,3 Z I

ts1 0?9

203.993

214,742
241 129

256.591

253,342

296,832

310.399

324,Q44

337.766

35t,566
36S.445

319,403
393.441

407,558

471.1t6
436,035

450.396

464,838

479.326
491 ?02

503,145

5 1S.157

521,237

539_386

Residuel{Ash) (cv}

35 2241
354 330

354.525

370,826
371.237

383.333

l8l 333

41a 097

424,480

422,A77

4)\ )A

427 .71r

432.64 r

437.547

442,549

445,071

441.604
450,160

452.7 26

455,306

457.901

460,512

463.136

465,776
468.431

471.101

476 487

479.166
479 166
419,!66
475.166
479,166
479.166

4'r9,L66

Residue/lAshl {T)

281,f92
)45 664

29r.620

295,661

301 790

306,667

306.567

JA5,66l
t06.667

306,667

334.477

336,384

340 230

142.159

346,081

34a O53

150.037

354.019

358.087

360,128

362.181

364,245
366.321

368,409

370.S09

174.'r43

375,881

379,029
la1 1co

383.333

183.33t

383,313

383_333

Garbaae lwl
1.349.085

1,396,303

1.41 1.210

479,81 I
1 S0S 4S5

135,186

198.4431

612,?88

151

1 697.350

1265 5201

244.718\
1734 ?E8

223.1 lgt

.459t

180_955i

114_960

laJ,t4ol
92.457)

69.6961

2l_391

tl r 64q)

159

12.035

35.990

Garbaee lT)

1.D79.264

r,111,O42
1.144.964

1 204 354

108.149

ra5 96al

398.754)

t,289,831

1_357.888

429,5f6
1272.416)

195.79

161.96'
11S3 390'

144.1 6.

t27,36t
11r8 991'.

{64 8a7l

146 S7

727

9-628

28,792
!8 457

1

Total tons of
waste to be

managed

1.079.264
1,117,O42

7.144.964

1,183,897

1 204 364

1)25,144
1 245 355

r.261.912
1,289,831

1 312.129

1,3 34,8 I 2

1 357.888

1,381,363

1.405 243

r,429,536
1.454.250
1,462,539
1,470,875

1 479 )59

r.447.691
1 496 171

1,504.699

1 513 )16

1,52 1.902

1 530 576

1.539.301

1 54a 075

1,s56,899

1 565 773

1.57 4.698
r,543,674
1,592.701

1 601 779

1.610.909

1 570 091

7.629,326
1 638 513

1,641,953
1 651 141

7,666,193
1.676.294
1,685,849

1,695,458

1 705 1)3

1,114,442
1 774616

2A25

2026

2021

2028

20)9

2030

?071

2A32

2033

2434

2035

2036

2037

2A1Z

2039

2040

2041

2042
?o43

2444
)44\
2446

2A47

2A4A

2449

2050

2051

2052
2053

2054

205S

2056

20s1

2058

2059

2060

2061

2462
2063

2464

2065

)466
2067

2068

2069

207A



Totaltons of
wa*e to be

managed

t.734.&7
7,74,333
7.754.276
1 764 )7
7.774.337

Year

2077
2072

20f3
2074

2075

?7 430 sAa

76304.4a7

Z0 year horizon {2025
20451

50 year horizon (2025

?075)
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Appendix B
KC WTE Development Permit Matrix
Potential Permit Requirements*

upoates to Ets/Pubxc Reuew

Sne Plas: prelimin-y tEffc plans

Air Qualily / Odor Emissions E€luation

Pre-Appli@tion Meetng Request Fom
Preliminary Site Plan
Prciect Description

=nvironmental 
lmpad statament and SEPA checklist

SEPA Checklisl - Land us€
Zoning data sheet
Additional plot plan infomelbn
Site cross seclion
Notes and €lculatiols
Tree anl wgetation plan
Geotechni€l report
DPD Geotechni€l lnspectbns
3enifed sutuey
Site elevations
Lands€p€ Plan

Monofill ceil Preliminary dosiEn

srounNater monlonng rc€tons

Jonng lo€trons, sze (diam:o, use

IESC

wuot, Panner
Cities

Puget sound
Clean Air
Agency

(PSCM)
KCSWD

PSOAA, WDOE,
PHSKC

PHSKC, PSCAA
KCSWD,

24 or more

4

2

24 0r more

24

>24

20

12

1Z

18

2z

1

1

'l

2

2

12

6

2

,]

1Z

(lng county sohd waste Divsion
:KCSWD)
K(;!'WD + othere

KCSWD + Others

Pemitting Division ot King County
Department of Lo€l Services or City

KCSWD plus othere

Pemrttrng lJrvrsron of KirE County
Department of Lo€l Services or City

Washington Department .f Ecology
(wDoE)

WDOE

WUUT

WDOE

Roads SeMces Division of King County
Department of Lo€l Seftices or City

Pemitting Division of King County
Department of Lo€l Sefti@s or Citv

Us€ and

tsEnnrng anc sEtsA Approvats
3omp. Plan Update

Review

EIS

speo€r Use (tand use) Pemit Modifi€tion

landfill Ash Monofill (for CHRL or other non-pemitted facility)

\otie Of lntent To Construct A Geotechni€l Soil Boring
\ot@ ot lntent lor lnstalltng, modifyang, or removng piezomelers

Notrce of lntent for anstalling, modifying, or de@mmissioning wells

rranrcuonrct Plan ( trafic Phn/Haut Route)

Stomv/ater, Grading, and DEinage Control Approval

Page 1 c,f 5



Appendix B
KC WTE Development Permit Matrix
Potential Permit Requirements*

May not be required

May not be required

Most likely not required

Depends on airport
proximity

May not be required

Jroject scope and Details Fom
3ase Map Checklist (Requircd for30o/o + plan

rubmittal)
fwo (2) paper @pies of plans

C.e (1) electronic copy of plan in PDF fomat
aADD file (if awilable)
Y. completeness of plans

JointAquatic Resour@s Pemi Applcaton (JARPA) Fom
Design dEwings (to USACE standards)
CultuEl Resources documentation
Endangered Species Act complian@ documentation
Wetland and Stream Delineation Reporucriti€l Areas Repon

Cni€l Aaeas Repon (wetlands, streams, and habtat;
geotechni€l)

No Effect Letter(NEL) or Biological Evaluation (BE)

JARPA Fom
Criti€l Areas Report (wetlands and streams)
Wetland/Stream Mitigalion Plan

Online appli€tion via Aquatic Protection Pemitting System
(APPS)

criti€l A.eas Report (wetlands and streams)
SEPA Detemination
Design drawings

Water storage plans

TESC
SWP
sPcc
Monitoring Plan
Soil and GroundwaterManagement Plan.

The appli€tion must include certifi@tion thatthe public notice and

SEPA requirements ahave been met. The SVVPPP needs to be
prepared pdorto construclion, but is not neeessary forthe pemit
appli€lion.

remittrng
fivision of King
:ounly
fepartment of
Lo€l Servi@s
lr City

WDOE

WUUE

Pemattrng
Division of King
County
Department of
Lo€l Servies
or City

12

3

6

4

4

4

2

4

4

2

'l

2

Pemitting Division of King County
Department of Lo€l Seruices or City

US Fish and Wildlife SeM@ (USFWS) and
NOA"q Fisheries (jointly, the Services)

WDOE

Washington Department of Fjsh and
Wildlife (WDFW)

Puget Sound Clean Air Agency (PSCM)

Federal Aviation Administration (FAA)

WIJOE

Roads Services Division of King County
Department of Lo€l Services or City

US Army Corps of Engineers (USACE)
Seattle District

Slean WaterAct (CWA) Seclion 404 pemit (Nationwide or IndiMdual)

Endangered Species Act Complian€

Clean Water Act (CWA) Seclion 401 Water Quality Certifi€tion

Hydraulic Prolect Approval (HPA)

Arr Qualrty Notrce of Construction (NOC)

Noti@ of Construclion or Alte€tion

NPDES Construction Stormwater General Permit

Street Use Pemit(s)

Enuronmental cntrGl Areas Review

Page 2 of 5



Appendix B
KC WTE Development Permit Matrix
Potential Permit Requirements*

Building

Side Sewer

30% plans (submit updated signed/dated plans laterforfinal
r:view and approvall
Affidavii of Application Fom
Certifi€tion of Applitant St.lus Fcrm
Clearing and Grading Pemi Appli.alion Worksheet
Clearing and Grading Appl €tion Fee Worksheei
Site plan including tempo€ry and permanent erosion control plans

Geotechni€USoils Report
SEPA Deteminatior

Analysis ot influence oftempoEry dewatedng activties adja@nt to
dreel ROW
Point ofdischarge and proposed rate of discharge for tempoEry
clgwatering flore
TempoEry Dewatering Plan
Phase I or Phase II Envircnmental Site Assessment (if available)
FroofolConstruction Stormvater Pemit was obtained from DOE.

c;i;i;;i;ili#;;;i----

ConstnElion Dewat€ring P'an
Schematic flowdiagram
Site l€yout
Flanned ohanges in !retrealient orwaste disposal p€ctices
Analyti€l or histori€l data
SPCC
Tank €pacities and concell€tions
tsydrcgeologic reports for grcundwater remediation
:ngineedng report o'wastevJater treatment systems
Do@mentation of water balance €lculalions
Descripiion of contaminalion soures and chemi€l characteristiG
lfsoil and water
:ngineering justifietion that pemi: effluent limitations will be met
TESC dan to minimize solids in dflatering effluenl
Activities leading to unawidab-le ccntamination of stormwater
Vethods to rcduce s:omwabr wlume and mniaminetion

Site plan; building plans, el.Etions, and details: ercsion @ntrol
r'ans: s:ruclural, dminage, dd energy €lculations. Components
rf the blilding pemil includ€ electd€l pemit, mechanical pemils,
'ire approvals, energT code, etc.

y'arious applications

,/arious applicat'ons

Krng County
Metro

6

1U

I

4

4

2

2

Pemrttng ljrvtsron of K'ng county
Department of Lo€l SeF/ics oi City

Permitting Division of KirE County
Department of Lo€l Seryices or City

Kang County Wastewater Treatment
Division, coupled with Seattle Public
Utilities approval

Permitting Division of Kinq County
Department of Lo€l Seruices or City

Permitting Division of King County
Department of Lo€l SeDices or CitV

Permitting Division of King Coufiy
Department of Lo€l Sefti@s or Citv

King County lndustrial Wastewater Construclion Dewatering Discharge Pemit

Burldrng/uonstructron

Shoring

Structural

Pate 3 of 5



Appendix B
KC WTE Development Permit Matrix
Potential Permit Requirements*

y'adous applications

Various applications

Various applietions

Various applications

Vadols appli@tions

vanous applications

vanous applicataons

Puget Sound
Enercv (PSE)

2

12

2

2

a

2

2

1

2

2

2

1

Pemitting Division of King County
Deoartment of Lo€l Seruices or City
Pemittjng Division of King County
Deoartment of Lo€l SeMces or Citv
Pemitting Division of King County
Deoartment of Lo€l Seruies or CiW

Pemitting Division of King County
Deoartment of Lo€l Seruices or Citv
Pemitting Division of King County
Deoartment of Lo€l Seruices or Citv
WDOE

washington state Ljepanment ot Labor
and lndustries (L&l)

Pemittrng Drusron ol Krng county
Denarimenl of I o€l Seruics or Citv
Pemitting Diusaon of King County
Department of Lo€l SeMcs or City
Pemittang Dausion of King County
DeDartment of Lo€l Seruices or City
Pemittjng DiMsion of King County
DeDartment of Lo€l SeM@s or CiW

)lumbing

=nergy 
Code

Water/Sewe/Fic Flow Certifi@te

DErnage

Geotechnr€l RePon

Utility

side sewer Pemtt

Post-Pemit Submittals

On site fuelling pemit

Mechani€l

Page 4 of 5



Appendix B
KG WTE Development Permit Matrix
Potential Permit Requirements"

Pemit

(AOP)

Schemalic flowdiag.am
Site layout
Planned changes in pretreahent orwaste disposal pradi@s
Analytical or histori€l data

Tank €pacities end concen:rations
Hydrogeologic repons for groundwater remediation
Engineering report o'i wastewater tcatment systems
Documentation of water balen@ €lculations
Descriplitn of contamination sou@s and chemi€i charactefistics
ofsoil ard water
Engineedng justifi€lion that pemil effluent limitations witl be met
TESC dan lo minimize solids in dewatedng effluent
Aclivities leading to unavoidable conlamination of stomaler
l/lethods to reduce s:omwater volume and @ntamination

leceiving water information and location

fischarge jnfomation

Sampling points

SIC Code

PHSKC

L&t

bu

4

4

4

4

4

4

4

4A

4

1

1

1

36

2

2

Washington Department of Eco ogy via
Public Health Seattle-King County
(PHSKC)

Puget Sound Clean AirAgency (PSCAA)

King County Wastewater Treatrnent
Division

WDOE

wasnrngton uepanment Dl Lt@nsing /
Department of Agriculture

Pemitting Division of King County
Department of Lo€l Setoices or City

Pemrttng Division of King County

?gp.?lT_gll.9r.!9*!. s-enices or city
termitting DiMsion of King County
)epartment of Lo€l Senices or Citv
WDOE

Elevatrr OpeEting Pemit

NPDES Stomwater General Pemit Coverage

Weighing and Measuring Devices License

l\rotorVehicle Fueling Station [Above-ground Tanks]: Combustible
Liquids/Flammable Liquids; Fuel Dispensing [open use] into Equipment from
Above€round Tank; Fleet Fueling Site; and Waste Handling)

Fire Department Pemits

Buildrn9 uommlsstontng

Page 5 of 5
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S ri"g County King County Solid Waste Division
Waste to Energy Feasibility Study

Overall Financial Summary

2047 2077

ffiARCADIS

Overall Financial Summary

Term End Year

Low Tonnage Bound Case - 3000 TPD
Total Construction Cost
Total O&M Costs
Total O&M Revenues
Total Net O&M Cost
Total Costs
Total Cost Per Ton

High Tonnage Bound Case - 4000 TPD
Total Construction Cost
Total O&M Costs
Total O&M Revenues
Total Net O&M Cost
Total Costs
Total Cost Per Ton

2028
Term (years)

lnitial Constr. ard O&M
Term

$1,1 93,474,835
$1,686,825,35't
$732,267.096

$954,558,254.92
$2,148,033,090

$107.40

$1,492,872,058
$2,237,584,n9
$1,1 75,506,847
$1.062,077 ,452
$2,554,949,509

$95.81

2037

$690,1 87,680
$717,U6,837
$341,497,'157

$376,349,680.65
$1,066,537,361

$106.65

$1,026,526,1 33
$0

$1,026,526,1 33
$109.94

$40,011,228
1S3 291

$863,329,391
$892,336,917
$457,653,01 1

$434,683,906
$1 ,298,0't3,297

$97.35

$1,362,'187,218
$0

$1,362,187,2'13
$'1 10.25

(s64,1 73,921 l

502010

Scenarios

Low Tonnage Bound Case - 3000 TPD
lnitial Capacity TPD, TPY
Expansion
Expanded Size TPD, TPY
Hauling Cast to WTE Facility ($/ton)
Out of County Waste Accepted (Year 1, TPY)
Land Acquisition Costs ($/TPD)
Bypass Waste Annual Tonnage itons)

Hauling Cost to IMF
Construction Cost of New IMF

High Tonnage Bound C6e - 4000 TPD
lnitial Capacity TPD, TPY
Expansion
Expanded Size TPD, TPY
Hauling Cost to WTE Faci ity (glon)
Out of County V/aste Accepted (Year 1, TPY)
Land Acquisition Costs ($/TPD)
Bypass Waste Annual Tonnage (tons)

Hauling Cost to INIF

Construction Cost of New MF

Waste-by-Rail Export Low Tonnage Bound Case - 3000 TPD
Costs
Revenues
Total Net Costs
Total Net Cost Per Ton

between WTE and WEBR (Total Net Cost)
Difference between WTE and WEBR fiotal Cost Per Ton)

$1,413,860,228
$1,686,825,351
$732,267.096

$954,558,254.92
$2,368,418,483

$'118.42

$2.424.490.647
$0

$2,424,490.647
$126.35

(s56,072,1 65)
($7.93)

$1,860,223,433
$2,237,584,299
$1,175,s06,847
$1,062,077,452
$2,922,300,885

$99.62

$3,376,330,508
$0

$3,376,330,508
$127.19

(s454,029,622)
(s27.57)

$2.572,836,051
$8,@4,904,540.78

$3 704,303,169
$4.390.601.37'1.35

$6 963,437,423
$116.06

$11 ,251 ,567,071
$0

$1't ,251,567 ,071
$215.15

($4,288,1 29,649)
rs99.09)

$2990,682,'128
$1 0,1 72,1 84,068
$4263,063,438
$5,909,1 20,630
$8,899,802,758

$1 12.18

$1 6,140,955,031

$0
$1 6,1 40,955,031

$21 6.90

(s7 .241 ,152.273)
($1 04.72)

lncluded
lncluded

lncluded
lncluded

4000
2040
5000

$14.17
1 90,873
$1 2,s63

s000

3000
2048
4000

$14.'t7
88,793
$12,563

5000

1,000,000

I,JJJ,JJJ

1,333,333

1,666,667

Waste-by-Rail Export High Tonnage Bound Case - 4000 TPD
Costs
Revenues
Total Net Costs
Total Net Cost Per Ton

Difference between WTE and WEBR (Total Net Cost)
Difference between WTE and WEBR fiotal Cost Per Ton) /sl 2 a0)
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3 YearsPlanninq / Permittinq / Sitinq
I YearsDeveloo Bid Packaoe
1 YearsProcurement to Notice of Award
5 YearsD/B to COD

61112019 DateCost Estimate Date

11112020 DatePermittinq/Planninq/Sitinq Start Date

1t1t2020 DateDevelopment of Desiqn Criteria and Bid Package

11112022 DateProcurement of EPC Contractor
1t1t2023 DateContractor Notice to Proceed Date

11112023 DateContractor NTP Check (Permittinq/Sitins complete)
11112028 DateCommercial Ooeration Date

2048 Year1,000 TPD Future Expansion Completion
2 YearsFuture Exoansion Desiqn and Construction Duration

E{l Khscounty King Gounty Solid Waste Division
Waste to Energy Feasibility Study

lnputs and Summary

Start Date/Duration

ffiARCADIS
Waste to Energy Option - Assumptions / lnputs

Blue font indicates an input value

Schedule

Costs and Escalation Factors

Waste Processing

lnitial Desiqn and Construction Price $1.053.375.847 $

lnitial Consulting Fees $31,601 ,275 $

lnitial Annual Operation Fee (2019) $25,000,000 $/yr

Annual lnitial Construction Cost (Payments over 30 year bond term) $69.0'18,768 $/yr

Exoansion Desiqn and Construction Price $255.525.79'l $

Expansion Consultinq Fees $7,665,774 $

Expansion Annual Operation Fee (Expansion Year) bot,ozo,zt I $/vr

Annual Expansion Construction Cost (Pavments over 30 year bond term) sl6.742.434 $/vr

Consultinq Fees Percentage of Construction Cost 3.jYo Percent (%)

Bond Financinq Cost as Percentaqe of Construction Cost 0.6% Percent (%)

Additional Bond lssuance Cost as a Percentaqe of Construction Cost 6.7% Percent (%)

Bond Financinq Rate 4.0% Percent (%)

Bond Financinq Term 30 Years

Caoital Cost Escalation Rate 3.0o/o % Der vear

Annual Operatinq Fee Escalation / CPI 3.0% o/o Per Vear

Net Present Value (NPV) Discount Factor - Construction 4.50 oh per vear

NPV Discount Factor for O&M 4.5% % per vear

Term of lnitial Operation and Maintenance Aqreement 20 Years

Term of lnterim Operation and Maintenance Agreement 5 Years

Term of 2nd Operation and Maintenance Agreement aq Years

Land Acouisition Cost $12.563 $/TPD

lnitial Facility Throughput 3,000 tpd

lnitial Annual Throuqhput Guarantee 1,000,000 tDV

Facilitv Availabilitv (Daily to Annual Throughput Factor) 91% Percent (%)

lnitial Processible Waste Processed 1.000.000 tov

Expansion Additional Capacity 'r ,000 tDd

Expansion Additional Throuqhput 333,333.33 tpv

Exoanded Facilitv Throuohput 4,000 tpd

Expanded Facility Throughput Guarantee 1,333,333 tDV

Processible Waste Delivered Escalation Rate 0.00% % per vear

Residue Generation Rate 28.3% % of processed tons

Ash Disposal Cost (Year 1 ) $58.23 $/ton

Annual Averaoe Hiqher Heatino Value of Waste Processed 5,200 Btu per Pound

Desiqn HHV Waste Assumption 5,000 Btu per Pound

Out of County Waste Accepted (Year 1) 88,793 tpy

Out of Countv Waste Tip Fee (Year 'l ) $35.00 $/ton

Percentaoe of Remainino Capacitv use for Out of County Waste 100% Percent (%)

Bvoass Waste Tonnaqe 5,000 tpy

Nonprocessible Waste Percentage Percent (%)

Transport Cost to WTE Facility $/ton

Page2



t{l Klns C*unty fil3,ii,'l.J"'#ig:ffi iJln:; @ARCADIS
lnputs and Summary

Electrical Generation

Metals

Air Pollution Control

Gross Electric Generation Rate 675 kWh/ton
Electric Generation Guarantee 600 kWh/ton
Electric Capacity Guarantee 0 MW Month
Electric Capacity Factor 90% Percent (%)
Electric Capacity Payment (Year 1) $0 $/MW month
Electric Capacity Payment Escalation Rate 1.90Yo % per vear
Electric Energy Escalation Rate 3.00% Percent (%)
Average Eleqtrical Energy Revenue $0.0350 $/kwh
Green Energy Credit $0.0000 $/kwh
Operator Energy Rev Share Above Net kWh/T 600/o Percent (%)
Operator kWhffon Achieved 600 kWhiTon

Ferrous Metal Recovery Guarantee 98.0% Percent Recovered
Non-Ferrous Melal Recovery Guarantee 98.0% Percent Recovered
Recovered Ferrous Market Price (Year 1 ) $120.00 $/ton
Recovered Non-Ferrous Market Price (Year 1 ) $700.00 $/ton
Ferrous Metal ln Ash 15.00k % in Ash Residue
Non-Ferrous Metal ln Ash 1.504 % in Ash Residue
Operator Material Revenue Share 0% Percent (%)

Aggregate Production 57% % in Ash Residue
Aggregate Price (Year'1 ) $o,oo $/ton

Pebble Lime Usage Rate 21.00 Lbs/ton of waste
Ammonium Hydroxide Usage Rate 3.50 Lbs/ton of waste
Carbon Usage Rate 0.40 Lbs/ton of waste
Pebble Lime Unit Cost 0.147 $/lb
Pebble Lime Cost per Ton of Waste 3.08 $/ton
Ammonium Hydroxide Unit Cost 0,076 $/lb
Ammonium Hydroxide Cost per Ton of Waste 0.27 $/ton
Carbon Unit Price 0.70 $/b
Carbon Price per Ton Waste 0.28 $/ton
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H Klng Cstrnty fil3,ii.lly":#ig:iff*?:."J:; g ARCADIS
lnputs and Summary

Proiect Costs Summarv

3o/o

3To
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H Klnssounty ilJl3,ii""lY#JPg:iJ;*?:,.J:; $QARCADIS
lnputs and Summary

Color Code:

Metals Recovery Estimates

47,000 Metals in waste stream (4.7% from Waste
42,450 Ferrous Metals in Ash Residue

4.245 Non-Ferrous Metals in Ash Residue

? 46,695 Total Metals in Ash Residue
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HlKingf,ounty

&rbon squGbton d Flu€ &s (GHG Rqulatons)
lnital Gnshctd of Unit Sib Wo* For E&nsion SF@
Lad Aquisiton tub
Potatiel Ddudon for Eldi€l Eqdpmst from Eldic Company

Edimatd h6tucton tu€ Pd TPO W*tc
Fadlity CaFcity {TPD)

AdEnd Mls Rewry (AMR) SFtm
AMR Unit kt (S/tpd ash Fd)
F#lity tuh Pducton (TPD)

Edmatd Gnstudon Pde of AMR

Tobl EsUmah CoGhdon Pde (Erc)

King Gounty Solid Waste Division
Waste to Energy Feasibility Study

Construction

Edmatd EFndon

gARCADIS

King County $lid W6b Dtobion

.4€gs&-E!4-&!r&JjgLg@

WaSe to Eneqy Option - Capibl Cod Estmate

PBREF 2 FinalEPC klad Pd€ FTPD

Eslatd toTlg

201e

s27a,1A2

EdmaH Cdfor
MPYsrb CODY@r

&a
s31o,rc

$o.@

s22,510

so.@

$14.10.20

io.@
$97,49

m

$2€,02
30.@

810,19
to.OO Quld @nidcr ftis as indudd in PaREF 2 optonal d (ash.tc, stsE paG, eb)

t0,00 Cursty asmd land nde for effNion Ndad dth inltal 6shdon. \
s0.00

$2S,526

1@

tust

2M

$s,m0

$12,$3

ss.744
@

39A,2e,197

$11,@

$1.q2.482.498 t2$,525,n1

t12,Sl
g9

NA asmd noryndon rquird
go

a9,6n,m tlo,&3,s0

tom W)

$12S.2&

otsdioE (monh&mpn6nt D.sctiption
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HlKins nty

Gbn squebatm d Fluo Gas (GHG RqulatioE)
lnitial &nshcld of Unit Sib Wo* For E&nsion SFe
Lad Aquid$on tusG
Pot$Ual Dducton for Elefi€l Equipmst tum A&kic hFny

EaimaH Conftdon Pd6 Ps TPD Wasb

F*ility CaFdty (TPo)

Advand trbls R&wry (AMR) SFtm
AvR Unit@(gtsd a$ prd)
F&ility A$ Rdudon (TPD)

EdimaH Confrdon Pd€ of AMR

King Gounty Solid Waste Division
Waste to Energy Feasibility Study

Construction

gARCADIS

Ki4 CountySolid WGta Oivision

Wadeb tueN k.diltu ste
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WKingCounty
King County Solid Waste Division
Waste to Energy Feasibility Study

Construction

gARCADIS

Wade to Energy Oplion - Capilal Cod Estimate
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HKing$ounty
King County Solid Waste Division
Waste to Energy Feasibility Study

Gonstruction

E$mad EFndon

&44
sffi,s2

so.@

9ro,1g
Lm
$0.@

so'@

t2$,526

6EARCADIS

Kiry county Solid W-t€ Divbion
Wadabb.NtudfltuSW

Waste to Erergy Option - C€pital CoS Edimate

BREF2 FnalErc EslaH trGpsTPD

E€laE to mlg

201e

$27.6,1A2

btmaE Gk br
MP Ysr b COD Y€r

2023
$31o.ffi

t0,@
s22,510

$0.00

$14,1S.20

$.@
$97,494

&rbn squ*tion d Flu. &s (GaG R{ubtons)
lnidal &nstudn of Unit Sb Wo* For E$rdon SF€
bnd Aquiiton &sb
Potsfal Hucton tor Seuel Equipmqt from Elcuc comFny

HmaH brchdon tr6 Pd TPD Wasb

Fdlity CaFcity {TPD)

Advand rchl3 R@vry (Affi) SFb
AvR Unit ftst(llpd a$ F@)
Facility &h Fhduclion (TPD)

EdimsH hsd6n Pd€ of Affi

14,@0

$1a$3

s08,232,127

3W,74
@

$11,4C0

*e

t1,U2,42,49A

s12,831

12s,525,791

1m

910,&3,ffi

Tokl Estmatd comtru&n Pd6 (EPc)

OFdbB (months

. lanstucton ft@

&mpon€nt o6cription

Page 9



t$lffinscounty
King Gounty Solid Waste Division
Waste to Energy Feasibility Study

Construction
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Hlilinscounty
King County Solid Waste Division
Waste to Energy Feasibility Study

Construction
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\fl rci"s County
King County Solid Waste Division
Waste to Energy Feasibility Study

Operations and Maintenance
Year Based on COD 2029

@ARCADIS
Waste to Energy Option - O&M Cost Estimate

ECONOMIC EVALUATION

Wasle Processino
1 Processible Waste Delivered

2. Processible Waste Processed (tons)

3 Bypass Wasle (tons)
4. NonprcJe$ible W€ste (tons)

5. Ash Generation (tons)

6. Fenous Recovered (tons)
7. Non"Fenous Recovered (tons)

B. Aqqregate Re@vered (tons)

L Ash Disposal (tons)

10. Ash Disposal as a percentage ofWaste Prccessed

Enerqv Revenues
11. Grcss Electri€l Rate (kwh/ton)
12. Net Electri@l Rate (kwh/ton)

'13. Net Eleciri€l Generation (mwh/y0
'14. Capacity Factor Achieved
15. Electri@l Capacity Fee ($/[ilwmo.)

'16. Electri€l Capacity Revenues ($000's)

17 Average Electrical Energy ($/kwh)
18. Eleclri@l Energy Revenues ($000s)

19. Green Energy Credits ($/kwh)
20. Green Energy Revenues ($000s)

21. Total EnergyRevenues ($000s)

22. Operator Enerqy Revenue Share ($000s)

Other Material Revenu es
23. Recovered Ferrous Market Price ($/ton)

24. Re@vered Ferrcus Revenues ($000's)

25. Recovered Non-Ferrous [rarket Price ($/ion)

25. Recovered Non-Ferrous Revenues ($000's)

26. Re@vered Aggregate Market Price ($/ton)

27. Recovered Aggregate Revenues ($000's)

28. Total Other Material Revenues ($000's)

29. Operator Material Revenue Share ($000s)

Other Revenues
30. Non-County Waste Accepted (tons)

31 . Non-County Waste Tip Fee ($/ton)

32. Non"County Waste Revenues ($000's)

Esmlatron Rates or
Values

0.00%
1,000,000

2030 2031

$69,019
969.02
$0.00
$0.00

$69,019

2032

5

2033

$69,019
$69.02
$0.00
$0.00

$69,019

28.300/0

57.OO%

675
600

1.900/0

90%
1.50%

3.00%

600/0

3.00%

3.00%

3.000/"

oo/o

100o/o

3.00%

33. Subtotal County Revenues
Revenues per ton ($/ton)

Countv Expenses
34. Base O&N4 Fee ($000s/yr) 3 00o/o

35. Excess O&M Fee ($/ton)

36. Excess O&M Cost($000's)
37. Consumable Costs

38. PebbleLimeunitcost($itonwaste) 300%
39. PebbleLime Usage Cost($000s)
40. AmmoniumHydrcxideUnitcost($/tonwaste) 300%
41. Ammonium Hydrcxide Usage Cost($000)
42. Carbon Unit Price ($/ton) 3.00o/o

43. carbon Usage Costs ($000s)

44. NonpocessibleWasle
45. Nonprcce$ible waste Haul Cost b WTE (Sofi)'s)
46. :Ns P@e$ible Waste WEBR Disposalincluding HaulCol $70.49

47. :Non Preible Wasle WEBR Dlsposal iocluding Hsul Cost ($000's)

48. Ash Disposal Fee ($/ton) 3 00%

49. Ash Disposal Expenses ($000's)

50. Other Expenses ($000's)

51. Utilities Pass Thrcugh ($/ton) $1 25

52. Ulilities Pass Through ($000's)

53. HaulCosttoWTEF;cility($^on) ' 
$'14.17

il. Haul Cost to WTE Facility ($000's)

55. Bypass Waste Disposal ($000's)

56. Subtotal Expenses ($000's)
Expenses per ton ($/ton)

FACILITY EXPENSES LESS REVENUES ($OOO'S)

NET O&M COST PER TON OF WASTE

Amortized Annual lnitial Capital Cost ($000's)
Amortized lnitial Capital Cost Per Ton of Waste
Amortized Annual Expansion Cost ($000's)
Amortized Expansion Cost Per Ton of Waste
Total Amortized Capital Cost ($000's)

$69,019
$69.02
$0.00
$0.00

$69,019

$69,019
$69.02
$0.00
$0.00

$69,019

$69,019
$69.02
$0.00
$0.00

$69,019

$69,019
$69.02
$0.00
$0.00

$69,01S

1,000,000
1,000,000

5,000
33,427

283,000
41,601
4,'160

161,310
75,929
7.59o/o

$s4, 191

675
600

600,000

$o
$0

$0.0361
$21,635
$0.0000

$0
$21,635

$o

$127.31
s5,296
$743

$3,089
$0
$o

$8,386

78,364
$37.13
$2,910

$32,930
$32.93

$4.21

$4,214
$0.36
$365
$0.38
$383

$656
$97.57
s3,262
80.60

$6,120

$1.73
$1,731

$19.61
$1 8,078

$403

$65,4B4
$65.48

$32,554
$32.55

1,000,000
1,000,000

5,000
33,603

283,000
41,601
4,160

161,310
75,929
7.59o/o

N/A
$35,217

675
600

600,000
N/A
$0
$o

$0.0366
$21,959
$0.0000

$0
$21,959

$o

$131.13
$5,455
$765

$3,182
$0
$o

$8,637

73,524
$38.25
$2,812

$33,408
$33.41

$4.34
$4,340
$0.38
$376
$0.39
$395

$679
$1 00.50
$3,377
83.02

$6,304

$1.78
s1,782
$20.20

$18,718
$41 5

$67,546
$67.55

$34,138
$34.14

1,000,000
1,000,000

5,000
33,778

283,000
41,60'1

4,160
161,3'10

75,929
7.59%

N/A

$36,273

675
600

600,000
N/A

$0
$0

$0.0371
$22,289
$0.0000

$o
$22,289

$0

$135.06
$5,619
$788

$3,278
$o
$0

$8,896

$4.47
$4,471
$0.39
$387
$0.41

$406

68,691

$39.39
$2,706

$33,891
$33.89

$703
$103.52
$3,497
85.51

$6,493

$1.84
$1,836
$20.81

$1 9,380
$428

$69,673
$69.67

$35,782
935.78

1,000,000
1,000,000

5,000
33,953

283,000
41,601

4,1 60
161,310
75,929
7.590/0

675
600

600,000
N/A

$0
$o

$0.0377
$22,623
$0.0000

$o
$22,623

$0

$139.11

$5,787
$811

$3,376
$0
$0

$9,1 63

N/A

$37,361

63,855
$40.57
$2,591

$34,377
$34.38

$4.60
$4,605
$0.40
$399
$o.42
$419

$728
$106.62
$3,620
88.08

$6,688

$1.89
$1,891

$21.43
$20,065

$440

$71,867
$71.87

$37,490
$37.49

1,000,000
1,000,000

5,000
33,049

283,000
41,601
4,1 60

161,310
75,929
7.590/.

N/A
N/A

$32,228

$18.49
$16,847

$380

675
600

600,000
N/A

$0
$0

$0.0350
$21,000
$0.0000

$0
$21,000

$0

$120.00
$4,992
$700

$2,912
$o
$0

$7,904

$3.97
$3,972
$0.34
$344
$0.36
$361

88,793
$35.00
$3,108

$32,012
$32.01

$611

$91.97
$3,040
$75.98
$5,769

$1.63
$'1,631

$65,1 83

$65.18

$33,171

$33.'17

1,000,000
1,000,000

5,000
33,238

283,000
41,601

4,160
161,3'10

75,929
7.590/"

N/A
N/A

$33, 195

$2,999

$4.09
$4,091

$0.35
$354
$0.37
$372

675
600

600,000

$o
$0

$0.0355
$21,3'15

$0.0000
$0

$2'1,315

$0

$123.60
$5,142
$721

$o
$0

$8,141

83,578
$36.05
$3,013

$32,469
$32.47

$633
$94.73
$3,149
7a.26

$5,942

91.68
$1,680
$19.04

$17,452
$391

$67,259
$67.26

$34,790
$34.79

Net Facility Cost ($000's)
Net Facility Cost Per Ton of Waste ($/ton)

$1 02,'190

$102.19
$103,808
$103.81

$101,573
$101.57

$103,156
$103.16

$104,801
$104.80

$106,50S
$106.51

WEBR
Disposal by Rail Capital Cost l[/F ($/ton)
Disposal by Rail Haul to ll,/F Cost ($/ton)
Disposal By Rail less Capital and Hauling to IMF ($/ton)
Disposal By Rail less Hauling to IMF ($/ton)
Disposal By Rail ($/ton)

Disposal Tonnage Required
Disposal By Rail ($000's)

Difference between WTE and Rail Disposal (cost per ton)
Difference between WTE and Rail Disposal ($000's)

2026

$4.37
$18.49
$73.48
$77.86
$96.34

$4.37
$19.04
$75.69
$B0.06

$99.1 0

$4.37
$19.61
$77.96
$82.33
s101.95

$4.37
$20.20
$80.30
$84.67

$1 04.87

$4.37
$20.81
$82.71
$B7,OB

$107.89

$4.37
s21.43
$85.1 I
$89.56

$1 10.99

911,207
$87,790

916,422
$90,821

921,636
$93,957

926,472
$97,162

93r,309
$100,477

2019
$3.35

$14.17

$5.85
$14,400

936,145
$103,906

Year

$56.32
$59.67
$73.84

Page 12
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\fl ri"s County King County Solid Waste Division
Waste to Energy Feasibility Study

Operations and Maintenance
20u 2035 2036

I

6EARCADIS
Waste to Energy Option - O&M Cost Estimate

ECONOMIC EVALUATION

Waste Processinq
1. Processihlc Waste Delivered

2. Processible Waste Processed (tons)
3. Bypass Waste (tons)
4. Nonpme$ible Waste (tons)
5. Ash Generation (tons)

6. Ferous Recovered (tons)
7- Non-Ferous Recovered (tons)
B. Aggregale Recovered (tons)

L Ash Disposal (tons)
'10. Ash Disposal as a percentage of Waste processed

Enerqv Revenues
11. Gross Eleclri.al Rate (kWhiton)
12. Net Electd@l Rate (kwh/ton)

'1 3. Net Electrical Generation (mwh/yr)
14. Capacity Faobrnchicvcd
15. Electri€l Capacity Fee ($/MWmo.)

'16. Electrical Capacity R€venuo6 ($000'6)
'17. Average Electri€l Energy (g/kwh)

18. Electri€l Energy Revenues (9000s)
19. creen Energy Credits ($/kwh)

20. Green Energy Revenues ($000s)
21. Total Energy Revenues (9000s)

22. Operator Energy Revenue Share ($000s)

Other Material Revenu es
23. Rerilvcrerl FeroLts Market PAce (g/ton)

24. Recovered Ferrous Revenues (9000's)
25. Re@vered Non-Ferous fty'arket Price (g/ton)

25. Re@vered Non-Fenous Revenus ($000's)
26. Re@vered Aggregate Market Price (g/ton)

27. Recovered Aggregate Revenues (9000's)
28. Total Other Material Revenues ($000's)
29. Operator Material Revenue Share (9000s)

Other Revenues
30. Non-County Waste Accepted (tons)

3'1 . Non-County Waste Tip Fee ($iton)
32. Non-County Waste Revenues {9000's)

33. Subtotal County ReveIues
Revenues per ton ($/ton)

Countv Expenses
34. Base O&[,4 Fee ($000siyr)

35. ExcessO&M Fee (g/ton)
36. Excess O&M Cost($000's)

37. Consumable Costs
38. Pebble Lime Unit Cost (g/ton waste)
39. Pebble Lime Usage Cost (9000s)
40. Ammonium Hydroxide Unit Cost ($/ton waste)
41 . Ammonium Hydroxide Usage Cost (9000)
42. Corbon Unit l.rice ($/ton)
43. Carbon Usage Costs {$000s)

44. rNonp@e"$ible Waste
45. Nonpme$ible Waste Haul Cost to WTE {9000's)
46. Non Prcible Wdte WESR Disposalinduding
47. Non Pmsible Wste WEBR Oisposal induding

48. Ash Disposal Fee (giton)
49. Ash Disposal Expenses ($000's)

50. OtherExpenses ($000's)
51. Utilities Pass Thrcugh (g/ton)
52. Utilities Pass Thrcugh ($000's)
53. Haul Costto WTE Facility(g/ton)
54. Haul Cost to WTE Facility ($000's)
55. Bypass Waste Disposat ($000's)

56. Subtotal Expenses ($000's)
Expenses per ton (g/ton)

FACILITY EXPENSES LESS REVENUES ($OOO.S)

NET O&M COST PER TON OF WASTE

Amortized Annual lnitial Capital Cost (9000's)
Amortized lnitial Capital Cost Per Ton of Waste
Amortized Annual Expansion Cost ($000's)
Amortized Expansion Cost Per Ton of Waste
Total Amortized Capital Cost ($000's)

$69,019
$69.02
$0.00
$0.00

$69,019

$69,019
$69.02
$0.00
$0.00

$69,019

$69,019
$69.02
$0.00
$0.00

$69,019

$69,019
$69.02
$0.00
$0.00

$69,019

$69,019
$69.02
$0.00
$0.00

$69,019

$69,019
$69.02
$0.00
s0.00

$69,019

$6S,019
$69.02

$0
$0.00

$69,019

2037

'10

2038

11

2039 2040

13

1,000,000
1,000,000

5,000
34,129

283,000
41,60'1

4,160
'161,3'10

75,929
7.590/0

N/A
$38,482

675
600

600,000
N/A

$0
$0

$0.0383
$22,962
$0.0000

$0
$22,962

$0

$143.2U
$5,961

$836
$3,477

$0
$0

$9,438
N/A

$4.74
$4,743
$0.41

$411

$0.43
$431

59,0'18

$4'1.79

$2,466

$34,867
$34.87

$753
$1 09.82

$3,748
so.72

$6,888

$1.95
$1,948
$22.08

$20,773
$454

$74,130
$74.13

$39,263
$3S.26

1,000,000
1,000,000

5,000
34,304

283,000
41,601

4,160
161,310
75,929
7.590/o

NiA

$39,636

676
600

600,000
NiA

$0
$0

$0.0388
$23,307
$0.0000

$0
$23,307

$0

$147.58
$6,140
$861

$3,581
$0
$0

$9,721
N/A

$4.89
$4,885
$0.42
$423
$0.44
$444

54,182
$43.05
$2,332

$35,36U
$35.36

$780
$1 13.12
$3,880
93.44

$7,095

$2.01

$2,006
$22.74

$21,507
$467

$76,464
$76.46

$41,104
$41.1 0

1,000,000
1,000,000

5,000
34,488

283,000
41,601
4,160

16'1,310

7.590/o

NiA

$40,826

675
600

600,000
N/A

$0
$0

$0.0394
$23,656
$0.0000

$0
$23,656

$0

$152.01

$6,324
$887

$3,689
$0
$0

$10,013
N/A

$5.03
$5,032
$0.44
$436
$0.46
$458

49,1 15
$44.34
$2,178

!i35,84/
$35.B5

$808
$116.51

$4,018
96.25

$7,308

$2.07
$2,066
$23.42

$22,271
$481

$78,876
$78.8B

$43,030
$43.03

1,000,000
'1,000,000

5,000
u,672

283,000
41,601
4,'160

161,310

7.590/0

N/A
$42,050

675
600

600,000
N/A
$0
$0

$0.0400
$24,0'11

$0.0000
$0

$24,011
$o

$1 s6.57
$6,514
$913

$3,800
$0
$0

$10,3r3

$5.18
$5,183
$0.45
$449
$u.4/
$471

44,047
$45.67
$2,012

$3ti,336
$36.34

$836
$120.00
$4,161
99.13

$7,527

$2.13
$2J2A
$24.12

$23,061
$496

$81,365
$81.36

$45,029
$45.03

1,000,000
1,000,000

5,000
34,856

283,000
41,601
4,1 60

161,310
75,929
7.590

N/A

$43,312

675
600

600,000

$0
$o

$0.0406
$24,371
$0.0000

$o
s24,371

$0

$1A1.27
$6,709
$941

$3,914
$0
$o

$10,623

38,980
$47.04
$'1,833

$36,827
$36.83

$5.34
$5,338
$0.46
$462
$u.49
$485

$866
$123.60
$4,308
102.11

$7,753

$2.19
$2,192
$24.85

$23,879
$5'r 1

$83,33?
$83.93

$47,104
$47.10

1,000,000
1,000,000

5,000
35,039

283,000
41,60'1

4,160
161,310
75,929
7.59%

$44,6r 1

075
600

600,000

$o
$0

$0.0412
$24,737
$0.0000

$o
$24,737

$o

$160.11

$6,910
$969

$4,031

$0
$0

$1 0,941

33,912
$48.45
$1,643

$37,321
$37.s2

95.50
$5,498
$0.48
$476
$0.50
$500

$897
$127.31

$4,461
't05.17

$7,985

$2.26
$2,258
$25.59

$24,725
$526

$86,570
$86.58

$49,258
$49.26

1,000,000
1,000,000

5,000
35,223

283,000
4'1,601

4,1 60
161,310
75,929
7.59%

$45,950

075
600

600,000

$0
$0

$0.0418
$25,108
$0.0000

$o
$25,1 08

$0

$1 71.09
$7,1'18

$998
$4,152

$o
$0

$1 1,269

28,845
$49.90
$1,439

$37,817
$37.82

$5.66
$5,663
$0.49
$490
$0.51

$515

$928
$131.13
$4,619
108.32

$8,225

$2.33
$2,326
$26.36

$25,600
$542

$89,310
$89.31

$51,493
$5'r.49

Net Faciliiy Cost ($000's)
Net Facility Cost Per Ton of Waste ($/ton)

$108,282
$108.28

$110,122
$110.12

$1 12,048

$1't2.0s
$1 14,048

$114.05
$1 16,123
$1 16.12

$118,277
$1 18.28

$120,512
$120.51

wEut{
Disposal by Rail Capital Cost IMF ($/ton)
Disposal by Rail Haul to lN/F Cost ($/ton)
Disposal By Rail less Capital and Hauling to IMF (g/ton)
Disposal By Rail less Hauling to IMF ($/ton)
Disposal By Rail ($/ton)

Disposal Tonnage Required
Disposal By Rajl ($000's)

Differonco botwoon WTE and Rail Disposal (cost per ton)
Difference between WTE and Rail Disposal (9000's)

$4.37
$22.08
$87.74
$92.12

$114.19

$4.37
$22.74
$90.38
$94.75

$117.49

$4.37
$23.42
$93.09
$97.46

$120.88

$4.37
$24.12
$95.88

$100.25
$124.38

$0.00
$24.85
$98.76
$98.76

$123.60

$o.oo
$25.59

$101.72
$101.72
$127.31

$0.00
$26.36

$'104.77

$104.77
$131.13

940,982
9107,453

945,818
s111,12',1

950,885
$114,943

955,953
$'1 18,897

961,020
$1 18,787

966,088
$122,995 $127,350

i57.36)
(Sii,{i)

(s 10 33)
G,1.B.i3)

Year

{3t !r1)
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\{l ri"s County
King County Solid Waste Division
Waste to Energy Feasibility Study

Operations and Maintenance
2041 2042 2043

@ARCADIS
Waste to Energy Option - O&N.4 Cost Estimate

ECONOMIC EVALUATION

Waste Processino
1. ProcessibleWaste Delivered

2. Processible Waste Processed (tons)

3. Bypass Waste (tons)
4. Nonprue$ible Waste (to6)
5. Ash Generation (tons)

6. Ferous Re@vered (tons)
7. Non-Ferous Recovered (tons)
B. Aggregate Re@vered (tons)

9. Ash Disposal (tons)
'10. Ash Disposal as a perceniage ofWaste Processed

Enerqv Revenues
1'1. Grcss Electri€l Rate (kwh/ton)
12. Net Electri€l Rate (kwhiton)

13. Net Electri@l Generation (mwh/yr)
14. Capacity Factor Achieved
15. Electri@l Capacity Fee ($/Nlwmo.)

'1 6. Electri€l Capacity Revenues ($000's)
17. Average Electrical Energy($/kwh)

1B. Electri@l Energy Revenues ($000s)
19. Green Energy Credils ($/kwh)

20. Green Energy Revenues ($000s)
21. Total Energy Revenues ($000s)

22. Operator Energy Revenue Share ($000s)

Other Mateilal Revenues
23. Re@vered Ferrcus Market P.ice ($/ton)

24. Recovered Ferrcus Revenues ($000's)
25. Recovered Non-Ferrous Market Price ($/ton)

25. Re@vered Non-Ferrcus Revenues ($000's)
26. Re@vered Aggregate Market Price ($iton)

27. Recovered Aggregate Revenues ($000's)
28. Total Other Material Revenues ($000's)
29. Operator Material Revenue Share ($000s)

Other Revenues
30. Non-County Waste Accepted (tons)

31. Non-County Waste Tip Fee ($/ton)

32. Non-County Waste Revenues ($000's)

33. Subtotal County Revenues
Revenues per ton ($/ton)

Countv ExDenses
34. Base O&M Fee ($000s/yr)

35. Excess O&M Fee ($/ton)

36. Excess O&M Cost($000's)
37. Consumable Costs

3B. Pebble Lime Unit Cost ($/ton waste)
39. Pebble Lime Usage Cost($000s)
40. Ammonium Hydrcxide Unit Cost ($/ton waste)
41. Ammonium Hydrcxide Usage Cost ($000)
42. Carbon Unit Price ($/ton)
43. Carbon Usage Cosls ($000s)

44. Nonp@$ible Waste
45. Nonpree$ible Waste Fhul Cost tc WTE ($000's)
46. Non Pffiible W6te WEBR Disposlinduding Haul
47 Non Preible Wfile WEBR Disposalinduding Hsul

48. Ash Disposal Fee ($/ton)
49. Ash Disposal Expenses (9000's)

50. Other Expenses ($000's)

51. Utilitjes PassThrough($/ton)
52. tJtililies Pass ThrcuSh ($000's)

53. Haul Costto WTE Facility($iton)
54. Haul Costto WTE Facility($000's)
55. Bypass Waste Disposal ($000's)

56. Subtotal Expenses ($000's)
Expenses per ton ($/ton)

FACILITY EXPENSES LESS REVENUES ($OOO.S)

NET O&I\,1 COST PER TON OF WASTE

Amortized Annual lnitial Capital Cost ($000's)
Amortized Initial Capital Cost Per Ton of Waste
Amortized Annual Expansion Cosl ($000's)
Amortized Expansion Cost Per Ton of Waste
Total Amortized Capital Cost ($000's)

$69,019
$69.02

$o
$0.00

$69,019

$69,019
$69.02

$0
90.00

$69,019

$69,019
$69.02

$o
$0.00

$6S,019

$69,019
$69.02

$o
$0.00

$69,019

$69,0'19

$69.02
$0

$0.00
$69,019

$69,019
$69.02

$16,742
$50.23

$85,761

14 15 16

2044 2045 2046 2047

$69,019
$69.02

$16,742
$50.23

$85,761

1,000,000
1,000,000

5,000
35,423

283,000
41,60'l
4,160

1 61,310
75,929
7.59%

$47,328

675
600

600,000

$0
$0

$0.0425
$25,485
$0.0000

$o
$25,485

$0

$176.22
$7,331

$1,028
$4,276

$o
$0

$1 1,608

23,337
$51.40
$1,200

$38,292
$38.29

$5.83
$5,833
$0.51

$505
$0.53
$530

$962
$135.07
$4,784
111.57
$8,472

$2.40
$2,395
$27.15

$26,518
$558

$92,139
$92.14

$53,847
$53.85

1,000,000
1,000,000

5,000
35,624

283,000
41,601

4,160
'161,310

75,529
7.59o/o

$48,748

675
600

600,000

$o

$0

$0.0431

$25,867
$0.0000

$0

$25,867
$o

$181.51

$7,551

$1,059
$4,405

$0
$o

$1 1,956

17,799
$52.94
$942

$38,765
$38.76

$6.01

$6,008
$0.52
$520
$0.55
$546

$996
$1 39.12

$4,956
114.92

$8,726

$2.47
$2,467
$27.97

$27,468
$575

$95,058
$95.06

$56,293
$56.29

1,000,000
1,000,000

5,000
35,826

283,000
41,601

4,'160
'161,3'10

75,929
7.590/0

$50,210

675
600

600,000
N/A

$0
$0

$0.0438
$26,255
$0.0000

$0
$26,255

$0

$186.96
$7,778
$1,091
$4,537

$o
$0

$12,314

12,229
$54.53
$667

$39,236
$39.24

$6.19
$6,1BB

$0.54
$536
$0.56
$563

$1,032
$143.29
$5,1 34
'118.37

$8,988

$2.54
s2,541
$28.80

$28,452
$592

$98,070
$98.07

$58,834
$58.83

1,000,000
1,000,000

5,000
36,029

283,000
41,601
4,160

161,310
75,929
7.59%

$101,'179
$101.18

7$51,71

N/A

675
600

600,000
NiA
$0
$0

$0.0444
$26,649
$0.0000

$o
$26,649

$0

$1 92.56
$8,01 1

$'1,123
$4,673

$0
$0

$12,684
N/A

$6.37
$6,374
$0.55
$552
$0.58
$580

6,627
$56.1 6

$372

$39,705
$39.70

$1,069
$147.59
$5,318
121.92

$9,257

s2.62
$2,618
$29.67

$29,472
$610

$61,474
$61.47

't,000,000

1,000,000
5,000

36,233
283,000
41,601
4,160

161,310
75,929
7.59%

675
600

600,000
N/A

$0
$o

$0.0451
$27,048
$0.0000

$o
$27,048

$0

$198.34
$8,251
$1,157
$4,813

$0
$0

$13,064
N/A

$40,1 70

$40.17

$104,386
$104.39

N/A

994
$57.85

$58

$53,268

$6.57
$6,565
$0.57
$568
$0.60
$597

$1,107
$152.02
$5,508
125.58

$9,535

$2.70
$2,696
$30.56

$30,529
$628

$64,216
s64.22

1,000,000
1,000,000

5,000
36,439

283,000
41,601

4,1 60
161,310
75,929
7.590/0

675
600

600,000
N/A

$0
$0

$0.0458
$27,454
$0.0000

$o
$27,454

$0

$204.29
$8,499
$1,192
$4,958

$0
$0

$13,456
N/A

$107,549
$107.55

N/A
N/A

0
$59.59

$0

$54,866

$40,91 1

$40.91

$6,762
$0.59
$585
$0.61

$615

$1,147
$156.58
$5,706
129.35

$9,821

$2.78
$2,777
$31.48

$31,476
$647

$66,639
$66.64

1,000,000
1,000,000

5,000
36,645

283,000
41,601

4,1 60
161,310
75,929
7.590/.

$1 10,776

s1 10.78

2$56,51
N/A
N/A

$6.96
$6,965
$0.60
$603
$0.63
$633

675
600

600,000
N/A

$0
$0

$0.0464
$27,866
$0.0000

$0
$27,866

$0

$210.42
$8,754
$1,227
$5,106

$o
$0

$13,860
N/A

0
$61.37

$0

$41,726
$41.73

$1,188
$161.28
$5,910
133.23

$10,116

$2.86
$2,860
$32.42

$32,420
$666

$69,050
$69.05

Net Facility Cost ($000's)
Net Facility Cost Per Ton of Waste ($/ton)

$122,866
$122.87

$125,312
$125.31

$127,85s
$127.85

$1 30,493
$1 30.49

$133,235
$1 33.23

$1 52,400
$152.40

$1 54,81 1

$1 54.81

lt/EB-
Disposal by Rail Capital Cost IMF ($/ton)
Disposal by Rail Haul to IMF Cost ($/ton)
Disposal By Rail less Capital and Hauling to IMF ($/ton)
Disposal By Rail less Hauling to IMF ($/ton)
Disposal By Rail ($/ton)

Disposal Tonnage Required
Disposal By Rajl ($000's)

Difference between WTE and Rail Disposal (cosl per ton)
Difference between WTE and Rail Disposal ($000's)

$0.00
$27.15

$107.91

$107.91

$1 35.07

$0.00
$27.97

$1 11.15

sl 11.'15

$139.12

$0.00
$28.80

$1 14.49

$114.49
$143.29

$0.00
$29.67

$117.92
s117.92
$147.59

$0.00
$30.56

$121.46
$1 21.46
$152.02

$0.00
$31.48

$125.10
$125.10
$1 56.58

$0.00
$32.42

$128.86
$1 28.86
$1 61.2B

976,663
$'13'1,9'14

982,201
$136,642

987,771

$141,53S
993,373

$146,612
999,006

$1 51,867
1 ,O04,671
$157,310

1,010,368
$162,948

(1141 Ii1)
(r1 1.3:10)

(';15 .1.1t ll$ 47 )

i:t.1 37)

Year
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\{lri"gcounty
King County Solid Waste Division
Waste to Energy Feasibility Study

Operations and Maintenance
2048 2049 2050

21 22

EJ4ARCADIS
Waste to Energy Option - O&lvl Cost Estimate

ECONOMIC EVALUATION

Waste Prccessina
1. Prooos6ible Wa$te Dclivcrcd

2. Procssible Waste Processed {tons)
3. Eypass Waste (tons)
4. Nonpmesible Waste (tore)
5. Ash Generation (tons)

6. Fefrous Re@vered (tons)
7. Non-Fenous Recovered (tons)
B. Aggregate Re@vered (tons)

L Ash Disposal (tons)
10. Ash Disposal as a percentage of Waste Processed

Enerqv Revenues
't 1. Gross Electri€l Rat6 (kwh/ton)
12. Net Electri@l Rate (kwh/ton)

'13. Net Electdcl Generation (mwh/yr)
14. Capacity factorAchieved
15. Electri€l Capacity Fee ($/MW/mo.)

'16. Elcctri@l Copacity Revenues ($000's)
17. Average Electrical Energy (gi kwh)

18. Electri€l Energy Revenues ($000s)
19. Green Energy Credits ($/kwh)

20. Green Energy Revenues ($000s)
21. Total Energy Revenues ($000s)

22. Operator Energy Revenue Share ($000s)

Other Material Revenues
23. Re@v6rod Forrous N/arkct Pricc ($/ton)

24. Recovered Ferrcus Revenues ($000's)
25. Re@vered Non-Ferrous Market Price ($/ton)

25. Remvered Non-Ferrcus Revenues (9000's)
26. Recovered Aggregate Market Price ($/ton)

27. Recovered Aggregate Revenues (9000's)
28. Total Other Material Revenues ($000's)
29. Operator Material Revenue Share ($000s)

Other Revenues
30. Non-County Waste Accepted (lons)

3'1. Non-County Waste Tip Fee ($/ton)
32. Non-County Waste Revenues ($000's)

33. Subtotal County Revenues
Revenues per ton ($/ton)

Countv Expenses
34. Base O&NI Fee ($000s/yr)

35. Exce$ O&M Fee ($/ton)
36. Excess O&M Cost($000's)

37. Consumable Costs
38. Pebble Lime UnitCost($/tonwaste)
39. Pebble Lime Usage Cost ($000s)
40. Ammonium Hydrcxide Unit Cost (g/ton waste)
41. Ammonium Hydrcxide Usage Cost ($000)
42. Carboil UnltPdre ($iton)
43. Carbon Costs

2051

24

2052 2053 2054

44.
45.
46.
47.

48. Ash
49.

Waste

($000's)
50. Other Expenses ($000's)

51. Utilities Pass Through ($/ton)
52. Ulilities Pass Through ($000's)
53. Haul Costto WTE Facility($/ton)
54. Haul Costto WTE Facitity($000's)
55. Bypass Waste Disposal ($000's)

56. Subtotal Expenses ($000's)
Expenses per ton ($/ton)

FACILITY EXPENSES LESS REVENUES (9000's)
NET O&I\,1 COST PER TON OF WASTE

Amortized Annual lnitial Capital Cost ($000's)
Amortized lnitial Capital Cost Per Ton of Waste
Amortized Annual Expansion Cost ($000's)
Amortized Expansion Cost Per Ton of Waste
Total Amortized Capital Cost ($000's)

$69,019
$51.76

$16,742
s50.23

$85,761

$69,0'19

$51.76
$16,742
$s0.23

$85,761

$69,019
$51.76

$16,742
$50.23

$85,761

$69,019
$51.76

$16,742
$50.23

$85,761

$69,0'19

$51.76
$16,742
$50.23

$85,761

$69,019
$51.76
$16,742
$50.23

$85,761

$69,019
$51.76

$16,742
$50.23

$85,761

'1,333,333

I,333,333
5,000

36,853
377,333
55,468
5,547

215,080
101,239
7.590/0

675
600

800,000
N/A
$0
$0

$0.0471
$37,712
$0.0000

$0
$37,712

$0

$216.73
$12,022
$1,264
$7,013

$o
$0

$19,034
N/A

317,235
$63.21

$20,054

$131,326
$98.49

NiA
N/A

$67,626

$7.17
$9,565
$0.62
$828
$0.6b
$870

$7n,8{JU

$57.60

$1,231

$166.11
$6,122
137.22

$13,892

$2.95
$3,928
$33.39

$33,930
$686

$54,526
$40.89

1,333,333
1,333,333

5,000
37,062

377,333
55,468
5,547

215,080
101,239
7.59"/o

$135,464
$'101.60

N/A

$69,655

675
600

800,000
NiA

$0
$0

$0.0478
$38,278
$0.0000

$0
$38,278

$o

$223.24
$12,382
$1,302
$7,223

$0
$0

$19,605
N/A

311,473
$65.1 1

$20,280

$78,163
$58.62

$7.39
$9,852
$0.64
$853
$u.ti/
$896

$1,275
$'171.10

$6,341
141.34

$14,309

$3.03
$4,046
$34.39

$35,1 46
$707

$57,301

$42.98

I,333,333
1,333,333

5,000
37,272

377,333
55,468
5,&7

215,080
101,239
7.590/.

675
600

800,000

$0
$0

$0.0486
$38,852
$0.0000

$0
$38,852

$0

$7.61

$'10,14B

$0.66
$879
$0.69
$923

$'1,320

$176.23
$6,569
'145.5B

$14,738

$3.1 3

$4,167
$35.43

$36,406
$728

$139,733
$104.80

N/A

$71 745

$229.93
$12,7U
$1,341

$7,440
$0
$o

$20,194

305,678
$67.06

$20,500

$79,545
$59.66

$60,1 88

$45.14

1,333,333
1,333,333

5,000
37,484

377,333
55,468
5,U7

215,080
101,239
7.59rk

475
600

800,000
N/A

$0
$0

$0.0493
$39,435
$0.0000

$0
$39,435

$o

$230.B3
$13,137
$1 ,382

$7,663
$0
$0

$20,7S9

$1,368
$181.52
$6,804
'149.95

$1 5,180

$144,138
$108.10

$73,897

299,850
$69.08

$20,712

$80,946
$60.71

97.84
$10,452

$0.68
$905
ti{J.71

$950

$3.22
$4,292
$36.49

$37,711
$750

$63,191

$47.39

1,333,333
1,333,333

5,000
37,696

377,333
55,468
5,U7

21 5,080
101,239
7.590/0

675
600

800,000
N/A

$0
$0

$0.0500
$40,026
$0.0000

$o
$40,026

$0

s1,417
$186.96
$7,048
154.45

$15,636

$148,682
$1 1 1.51

$8.07
$'10,766

$0.70
$932
$0.73
$979

$243.94
$13,531
$1 ,423
$7,893

$0
$0

$21,423

293,990
$71.1 5

$20,917

$B2,366
$61.77

$76,114

$3.32
$4,421
$37.58

939,062
$772

$66,316
$49.74

I,333,333
1,333,333

5,000
37,910

377,333
55,468
5,&7

215,080
101,239
7.59o/o

91s3,371
$1 15.03

$78,397

075
600

800,000

$0
$0

$0.0508
$40,626
$0.0000

$0
$40,626

$0

s251.25
$13,937
$1,466
$8,130

$0
$0

$22,066
N/A

288,096
$73.28

$21,112

$83,805
$62.85

$8.32
$11,089
$0.72
$960
s0.76

$1,008

$1,468
s192.57
$7,300
159.08

$'16,105

$3.42
$4,554
$38.71

$40,462
$795

$69,566
$52.17

1,333,333
1,333,333

5,000
38,125

377,333
55,468
5,U7

215,080
101,239
7.590/0

$1,520
$198.35
$7,562
163.85

$16,588

9158,208
$1 18.66

N/A

$80,749

675
600

800,000
NiA

$o
$0

$0.0515
$41,236
$0.0000

$o
$41,236

$0

$258.79
$14,355
$1,510
$8,374

$o
$0

$22,728
N/A

282,168
$75.48

$21,29B

$85,262
$63.95

$8.57
$11,421
$0.74
$989
$0.78

$1,039

$3.52
$4,690
$3S.87

$41,913
$819

$72,946
$54.71

Net Facility Cost ($000's)
Net Facilily Cost Per Ton of Waste ($/ton)

$t40,287
$105.22

$143,062
$107.30

$145,949
$109.46

$'148,953
$111.71

$152,077
$'r14.06

$155,327
$1'16.50

$158,707
$1 19.03

WETJR
Disposal by Rail Capital Cost IMF ($/ton)
Disposal by Rail Haul to IMF Cost ($/ton)
Disposal By Rail less Capital and Hauling to llvlF ($/ton)
Disposal By Rail less Hauling to llVF ($iton)
Disposal By Rail ($/ton)

Disposal Tonnaqe Required
Disposal By Rail ($000's)

$0.00
$3s.39

$132.72
$132.72
$1 66.1 1

$0.00
$34.39

$1 36.70
$136.70
$17't.'10

$0.00
s35.43

$'140.80

$140.80
$176.23

$0.00
$36.49

$145.03
$145.03
$181.52

$0.00
$37.58

$14S.38
$149.38
$186.96

$0.00
$38.71

$1 53.86
$1 53.86
9192.57

$0.00
$39.87

$1 58.48
$1 58.48
$1 98.35

1,016,09B
$168,788

1,021,860
$174,838

1,Q27,655
$181,104

1,033,483
$1 87,595

1,0i9,344
$1 94,31 I

1,045,?38
$201,283 $208,498

Difference between WTE and Rail Disposal
Difference between WTE and Rail Disposal

(cost per tor)
($000's)

isii:] 110)
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S ri"gCounty King County Solid Waste Division
Waste to Energy Feasibility Study

Operations and Maintenance
2055 2056 2057

28 30

@ARC/f,DIS
Waste to Energy Option - O&l\y' Cost Estimate

ECONOMIC EVALUATION

Waste Processinq
1. Processible Waste Delivered

2. Processible Waste Processed (tons)

3. Bypass Waste (tons)
4. Nonp@e$ible Waste (tons)

5. Ash Generation (tons)

6. Ferous Recovered (tons)
7. Non-Ferous Recovered (lons)
B. Aggregate Remvered (tons)

L Ash Disposal (tons)
1 0. Ash Disposal as a percentage ol Waste Processed

Enerov Revenues
11. Gross Electri@l Rate (kwh/ton)
12. Net Electri€l Rate (kwh/ton)

13. Net Electri€l Generation (mwh/yr)
'14. Capacity Factor Achieved
1 5. Electri€l Capacity Fee ($/MWmo.)

'16. Electri€l Capacity Revenues ($000's)

17. Average Electri@l Energy ($/kWh)
18. Electri€l Energy Revenues ($000s)

19. Green Energy Credits ($/kwh)
20. creen Energy Revenues ($000s)
21. Total Energy Revenues ($000s)

22. Operator Enerqy Revenue Share ($000s)

Ot h er M ater i a I R eve n u es
23. Recovered Ferrcus Market Price ($/ton)

24. Recovered Ferous Revenues ($000's)
25. Recovered Non-Fetrous Market Price ($/ton)

25. Recovered Non-Ferrous Revenues ($000's)

26. Recovered Aggregale l\.4arket Price ($/ton)

27. Recovered Aggregate Revenues ($000's)
28. Total Other Material Revenues ($000's)
29. Operator l/aterial Revenue Share ($000s)

Other Revenues
30. Non-County Waste Accepted (tons)

3'1 . Non-County Waste Tip Fee ($/ton)

32. Non-County Waste Revenues ($000's)

33. Subtotal County Revenues
Revenues per ton ($/ton)

Counlv Expenses
34. Base O&M Fee ($000s/yr)

35. Excess O&M Fee ($/ton)

36. Excess O&M Cost($000's)
37. Consumable Costs

38. Pebble Lime Unil Cost ($/ton waste)
39. Pebble Llme Usage Cost ($000s)

40. Ammonium Hydroxide Unit Cost ($/ton waste)
41. Ammonium Hydroxide Usage Cost ($000)

42. Carbon Unit Price ($/ton)
43. Carbon Usaqe Costs ($000s)

44. Nonpro€$ible Waste
45. Nonprce$ible Waste Haul cost to WTE ($00o's)
46. Non Plw$ible Waste WEBR Disposl includiog
47. Non Prcsible wste WEBR Disposal includinq

48. Ash Disposal Fee ($/ton)

49. Ash Disposal Expenses ($000's)

50. OtherExpenses ($000's)

51. Utilities Pass Thrcugh ($/ton)

52. Utilities Pass Through ($000's)

53. Haul Cost to WTE Facility ($/ton)

54. Haul Cost to WTE Facility ($000's)

55. Bypass Waste Disposal ($000's)

56. Subtotal Expenses (9000's)
Expenses per ton ($/ton)

FACILITY EXPENSES LESS REVENUES ($000's)

NET O&M COST PER TON OF WASTE

Amortized Annual lnitial capital Cost ($000's)
Amortized lnitial Capital Cost Per Ton of Waste
Amortized Annual Expansion Cost ($000's)
Amortized Expansion Cost Per Ton of Waste
Total Amortized Capital Cost ($000's)

$69,019
$51.76

$16,742
$50.23

$85,761

$69,019
$51.76

$16,742
$50.23

$85,761

$69,01S
$51.76

$16,742
$50.23

$B5,761

$0
$0.00

$16,742
$50.23

$16,742

$0
$0.00

$16,742
$50.23

$16,742

$0
$0.00

$16,742
$50.23

$16,742

$0
$0.00

s16,742
$50.23

$16,742

2058

3'1

2059

32

2060 2061

Flaul

1,333,333
I,333,333

5,000
38,559

377,333
55,46B

5,547
215,080
101,239
7.59o/o

$1 68,349
$126.26

N/A
N/A

$85,667

675
600

800,000
N/A
$0
$0

$0.0531
$42,482
$0.0000

$0
$42,482

$o

$274.55
$15,229
$1,602
$B,BB3

$0
$o

$24,112
N/A

270,213

$80.08
$21,638

$88,232
$66.17

$9.09
$12,117

$0.79
$r,04s
$0.83

$1,102

$1,631
$210.43
$8,1 14

173.83

$17,598

$3.73
$4,976
$42.30

$44,971

$869

$80,'116

$60.09

1,333,333
1,333,333

5,000
38,777

377,333
55,468
5,U7

2'15,080

101,239
7.590/.

675
600

800,000
N/A

$0
$0

$0.0539
$43,119
$0.0000

$0
$43,1'19

$0

$1,690
$216.74
$8,405
179.04

$18,126

$173,662
$130.25

N/A

$88,237

$282.79
$r5,686
$1 ,650
$9,150

$o
$0

$24,836

264,184
$82.48

$21,790

$89,745
$67.31

$9.36
$12,480

$0.81

$1,081
$0.85

$'1,135

$3.84
$5,125
$43.57

$46,583
$895

$83,917
$62.94

1,333,333
1,333,333

5,000
38,997

377,333
55,468
5,547

215,080
101,239
7.59o/o

675
600

800,000
N/A

$0
$o

$0.0547
$43,766
$0.0000

$0
$43,766

$0

$291.27
$1 6,156
$1,699
$9,424

$0
$0

$25,581
N/A

258,121

$84.95
$21,S28

$91,275
$68.46

$9.64
'$12,855

$0.83
$1,113
$0.88

$1,169

$1,750
$223.24
$8,706
184.42

$18,670

$179,144
$1 34.36

$s0,884

$3.96
$5,279
$44,88

$48,252
$922

$87,869
$65.90

1,333,333
1,333,333

5,000
39,218

377,333
55,468
5,547

215,080
'101,239

7.59o/o

675
600

800,000

$o
$0

$0.0555
$44,423
$0.0000

$0
$44,423

$0

$300.01

$1 6,641

$1,750
$9,707

$0
$0

$26,348
N/A

$92,824
$69.62

$93,610

$1 84,800
$138.60

$91,976
$68.98

252,023
$87.50

$22,053

$9.S3

$13,241

$0.86
$1,146
$0.90

$1,204

$1,813
$229.94
$9,018
189.95

$1 9,230

$4.08
$5,437
$46.22

$49,981
$950

1,333,333
1,333,333

5,000
39,44'l

377,333
55,468
5,U7

215,080
101,239
7.59%

675
600

800,000
N/A

$0
$0

$0.0564
$45,089
$0.0000

$0
$45,089

$0

$309.01

$17,140
$1 ,803
$9,998

$o
$0

$27,139

$1,878
$236.84
$9,341
195.65

$19,807

$r90,636
$142.98

N/A

$96,4'19

245,891
$90.1 3

$22,162

$94,389
$70.7S

$10.23
$13,638

$0.89
$1,181
$0.93

$1,240

$4.20
$5,601
$47.61

$51,773
$978

$96,247
$72.19

1,333,333
1,333,333

5,000
39,665
377,333
55,468
5,97

215,080
101,239
7.590

675
600

800,000
N/A

$o
$0

$0.0572
$45,765
$0.0000

$o
$45,765

$o

s1,945
$243.94
$9,676
201.52

$20,401

$r96,658
$147.49

$100,685
$75.51

$99,31 1

$3'18.28

$17,654
$1,857

$10,298
$0
$0

$27,953

239,725
$92.83
$22,2M

$95,972
$71.98

$1 0.54
$14,047

$0.91

$1,216
$0.96

$1,277

94.33
$5,769
$49.04

$53,628
$1,008

'1,333,333

1,333,333
5,000

38,341
377,333
55,468
5,U7

215,080
101,239
7.59o/o

600
800,000

N/A

$0
$0

$0.0523
$41,854
$0.0000

$0
$41,854

$0

$1,575
$204.30
$7,833
168.77

$17,086

$163,199
sI22.40

N/A
$83, 172

$266.55
$14,785
$1,555
$8,625

$0
$0

$23,410

276,207
$77.75

$21,474

$86,738
$65.05

$8,B2

$1 1,764

$0.76
$1,019
$0.80

$1,070

$3.62
$4,831
$41.07

$43,415
$844

$76,461

$57.35

Net Facility Cost ($000's)
Net Facility Cost Per Ton oI Waste ($/ton)

$162,222
$121.67

$165,878
$124.41

$1 69,678
$127.26

$104,61 1

$78.46
$'108,719

$81.54
$1'12,989

$84.74
$1 17 ,428

$88.07

WEBK
Disposal by Rail Capital Cost lN,1F ($/ton)
Disposal by Rail Haul to IMF Cost ($/ton)
Disposal By Rail less Capital and Hauling to IMF ($/ton)
Disposal By Rail less Hauling to lN.4F ($/ton)
Disposal By Rail ($/ton)

Disposal Tonnage Required
Disposal By Rail ($000's)

Difference between WTE and Rail Disposal (cost per ton)
Difference between WTE and Rail Disposal ($000's)

$0.00
$42.30

$168.13
$168.13
$210.43

$0.00
$43.57

s173.17
$1 73.17

$216.74

$0.00
$44.88

$178.37
$'r78.37
s223.24

$0.00
$46.22

$1 83.72
$'1 83.72

$229.94

s0.00
$47.61
$189.23
$189.23
$236.84

$0.00
$49.04

$194.91

$194.91

s243.94

$0.00
$41.07

$1 63.23
$1 63.23
$204.30

1,057 ,126
92'15,970

1,063,121
$223,711

1,069,150
$231,729

1,075,213
$240,034

1,081,310
$248,638

1,087,442
$257,549

1,093,609
$266,780
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\fl ri"s Gounty
King County Solid Waste Division
Waste to Energy Feasibility Study

Operations and Maintenance
2062 2063 2064

36 37

#4/\RCADIS
2065

3B

2066

39

2067

40

2068

41

Waste to Energy Option - O&lV1 Cost Esijmate

ECONOMIC EVALUATION

Waste Ptocessino
'1. Processible Wasto D€liver€d

2. Processible Waste Processed (tons)
3. Bypass Waste (tons)
4. Nonp@sible Waste (tons)
5. Ash Generatjon (tons)

6. Ferrous Recovered (tons)
7. Non-Ferous Remvered (tons)
B. Aggregate Recovered (tons)

L Ash Disposal (tons)
'1 0. Ash Disposal as a percentage of Waste Prccessed

Enetqv Revenues
11. Grcss Electrical Rate (kwh/ton)
12. Net Electri€l Rate (kwh/ton)

13. Net Electrj€l Generation (mwh/yr)
14. Capecity Factor Achieved
15. Electd@l Capacity Fee (g/lvlwmo.)

1 6. Elactriml Copocity Rcvcnuca ($000's)
'17. Average Electrical Energy($/kwh)

18. Electri€l Energy Revenues (9000s)
't9. Green Energy Credits ($/kwh)

20. Green Energy Revenues (9000s)
21. Total Energy Revenues ($000s)

22. Operator Enerqy Revenue Share (9000s)

Other Malerial Revenues
23. Recovered Ferrcus Market Pnce ($/ton)

24. Recovered Ferrous Revenues ($000's)
25. Recovered Non-Ferrous Market Price ($/ton)

25. Recovered Non-Ferrous Revenues ($000's)
26. Recovered Aggregate Market Price (g/ton)

27. Recovered Aggregate Revenues ($000's)
28. Total Other lr,,laterial Revenues ($000's)
29. Operator l\y'aterial Revenue Share (9000s)

Othet Revenues
30. Non-County Waste Accepted (tons)

31. Non-County Waste Tip Fee ($/ton)
32. Non-County Waste Revenues (9000's)

33. Subtotal Couniy Revenues
Revenues perton ($/ton)

Counlv Expenses
34. Base O&M Fee ($000s/yr)

35. Excess O&M Fee (g/ton)
36. Excess O&M Cost($000's)

37. Consumable Costs
38. Pebble Lime Unit Cost ($/ton waste)
39. Pebble Lime UsageCost(9000s)
40. Ammonium Hydroxide LJnit Cost ($/ton waste)
41. Ammonium Hydroxide Usage Cost(9000)
42. Curburr Urrit Price (g/tun)
43. Carbon Usage Costs ($000s)

44. Nonproce$ible Waste
45. Nonp@esible Waste Hsul Cost t'? WTE (9000!)
46. Non Preible Waste WEBR Disposal inctuding tlaul
47. Non Preible Wste WEBR Disposal induding Haul

48. Ash Disposal Fee ($/ton)
49. Ash Disposal Expenses ($000's)

50. Other Expenses ($000's)
51. Utilities Pass Through ($/ton)
52. Utjlites Pass ThrcuSh ($000's)
53. Haul Cost to WTE Facjlity ($/ton)
54. Haul Cost to WTE Facility ($000's)
55. Bypass Waste Disposal (9000's)

56 Subtoial Expenses ($000's)
Expenses per ton ($/ton)

FACILITY EXPENSES LESS REVENUES ($000's)
NET O&M COST PER TON OF WASTE

Amortized Annual lnitial Capital Cost ($000's)
Amoriized lnitial Capital Cost Per Ton of Waste
Amortized Annual Expansion Cost ($000's)
Amortized Expansion Cost Per Ton of Waste
Total Amortized Capital Cost ($000's)

$0
$0.00

$16,742
$50.23

$16,742

$0
$0.00

$16,742
$50.23

$16,742

$0
$0.00

$16,742
$50.23

$16,742

$0

$0.00
$16,742
$50.23

$16,742

$0
$0.00

s16,742
$50.23

$16,742

$0
$0.00

$16,742
$50.23
$16,742

$0
$0.00

$16,742
$50.23

$16,742

I,333,333
5,000

39,889
377,333
55,468
5,U7

215,080
101,239
7.59%

$1 02,291

$202,871
$1 52.15

$1 05,299
$78.97

675
600

800,000
N/A

$o
$0

$0.0581

$46,452
$0.0000

$o
$46,452

$0

$327.83
$18,'t84
$1,912

$10,607
$o
$0

$28,791
N/A

233,523
$95.62

$22,329

$9t,5tz
$73.18

$10.85
$14,468

$0.94
$1,253
$0.99

$1,316

$2,015
$251.26
$10,023
207.56

$21,0'13

$4.46
$5,942
$50.51

$55,551

$1,038

1,333,333
1,333,333

5,000
40,1 1 6

377,333
55,468
5,547

21 5,080
101,239
7.59%

$105,359

$209,281
$1 56.96

$1 10,093

$82.57

N/A
N/A

675
600

800,000
N/A
$0
$0

$0.0589
$47,149
$0.0000

$0
$47,149

$o

$337.66
$18,730
$1,970

$10,926
$o
$0

$29,65s

227,286
$98.49

$22,384

$99,188
$74.39

$'11.18

$14,902
$0.97

$1 ,290

$1.02
$1.355

$2,087
$258.80
$10,382
213.79

$21,644

$4.59
$6,120
$52.02

$57,U2
$1,069

1,333,333
I,333,333

5,000
40,343

377,333
55,468
5,547

215,080
'101,239

7.590/0

$1{J0,820

$75.62

$108,520

$215,896
$161.92

$115,075
$86.31

N/A

675
600

800,000
NiA

$0
So

$0.0598
$47,856
$0.0000

$o
s47,856

$o

$347.79
$19,291

$2,029
$1 1,253

$0
$o

$30,545

221,014
$101.44
$22,420

$11.51

$'r5,349
$1.00
$1,329
$1.u5
$1,396

s2,162
$266.56
$10,754
220.20

$22,293

$4.73
$6,303
$53.59

$59,604
$1,101

1,333,333
'1,333,333

5,000
40,572

377,333
55,468
5,U7

215,080
101,239
7.59%

675
600

800,000

$0
s0

$0.0607
$48,574
$0.0000

$0
$48,574

$0

$3s8.23
$19,870
$2,090

$1 1,591

$0
$o

$31,461

214,706

$104.48
$22A33

$102,468
$76.85

$111,776

$2,239
$274.56
$1 1,140

226.81

$22,962

$167.04

$120,253
$90.19

$11.86
$1 5,810

$1.03
$1,369
$1.U8

$1,438

$4.87
$6,493
$55.'19

$61,740
$1,1 34

1,333,333

5,000
40,802

377,333
55,468
5,M7

21 5,080
101,239
7.590/.

$104,13'l
$78.1 0

$1 1s,129

$2,320
$282.80
$11,539
233.61

$23,651

$2?9,763
$172.32

$125,632
$94.22

675
600

800,000

$0
$0

$0.0616
$49,302
$0.0000

$o
$49,302

$0

$308.97
$20,466
$2,t52

$1 1,939

$0
$0

$32,405
N/A

204362
$107.62
$22,423

$12.21

s16,284
$1 .06

$1,410
$1.11

$1,481

$5.02
$6,687
$56.85

$63,953
$1,168

1,333,333
1,333,333

5,000
4'1,033

377,333
55,468
5,547

215,080
101,239
7.590h

475
600

800,000

$0
$0

$0.0626
$50,042
$0.0000

$0
$50,042

$0

$380.04
$21,080
$2,217

$12,297
$0
$0

933,377
N/A

201,983
$1 10.85

$22,389

$105,808
$79.36

$'118,583

$2,403
$291.28
$1 1,952
240.62

$24,360

$237,020
$177.77

$131,221
$98.42

$12.58
$16,773

$1.09
$1,452
$1.14

$1,525

$5.17
$6,888
$58.55

$66,245
$1,203

1,333,333
1,333,333

5,000
41,266

377,333
55,468
5,547

215,080
101,239
7.590/0

$'107,49s
$80.62

$122,140

N/A

$244,527
9183.40

$137,028
$102.77

c75
600

800,000

$0
$0

$0.0635
$50,793
$0.0000

$0
$50,793

$0

$391.44
s21,713
92,283

$12,666
$0
$0

$34,378

195,567
$114.17
$22,328

$12.96
$17,276

$1.12
$1,496
$1.18

$1,571

$2,489
$300.02
$12,381
247.44

$25,09'1

$5.32
$7,095
$60.31

$68,619
$1,239

Net Facility Cost
Net Facility Cost

($000's)
Per Ton of Waste ($/ton)

$122,O41

$91.53
$126,835
$95.13

$131,818
998.86

$'136,995
$102.75

$142,375
$106.78

$147,964
$110.97

$153,771
$1 15.33

WtEK
Disposal by Rail Capital Cost IMF ($/ton)
Disposal by Rail Haul to lN/F Cost ($/ton)
Disposal By Rail less Capital and Hauling to IMF (g/ton)
Disposal By Rail less Hauling lo l[/F ($/ton)
Disposal By Rail ($/ton)

Disposal Tonnaoe Required
Disposal By Rail ($000's)

Difference between WTE and Rail Disposal (cost per ton)
Difference between WTE and Rail Disposal ($000's)

s0.00
$50.51

$200.75
$200.75
$251.26

$0.00
$52.02

$206.78
$206.78
$258.80

$0.00
$53.59

sa2.9a
$212.98
$266.56

$0.00
$55.1 I

s219.37
$219.37
$274.56

$0.00
$56.8s

$225.95
$225.95
$282.80

$0.00
$58.55

s232.73
$232.73
$29'1.28

$0.00
$60.31

$239.71

$239.71
$300.02

1,099,810
$276,341

1,106,047
s286,246

1,112,320
s296,505

1,118,627
$307,132

1,'124,971

$318,140
1,1 31,351

$329,543
1,1i7.76e,
$341,354

(s I {;3 ilTj
(:1 iit.i 10)

i31r,7 70)
t ;1(/l ta,l){:r il 3001
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|1fl ri"s County
King County Solid Waste Division
Waste to Energy Feasibility Study

Operations and Maintenance
2069 2070 2071

43 44

#qAP<CADIS
Waste to Energy Option - O&lvl Cost Estimate

ECONOMIC EVALUATION

Wasle Processinq
1. Processible Waste Delivered

.2. Processible Waste Processed (tons)

3. Bypass Waste (tons)
4. Nonpruesible Waste (lrc$)
5. Ash Generalion (tons)

6. Fenous Recovered (tons)
7. Non-Ferous Recovered (tons)

L Aggregate Recovered (tons)
L Ash Disposal (tons)

1 0. Ash Disposal as a percentage of Waste Prccessed

Enerqv Revenues
11. Grcss Electri€l Rate (kwh/ton)
12. Net Electrical Rate (kwh/ton)

'1 3. Net Electrical Generation (mwh/yr)

14. Capacity Factor Achieved
'15. Electri€l Capacity Fee ($/MW/mo.)

1 6. Electri€l Capacity Revenues ($000's)

17. Average Electrical Energy($/kwh)
'1 8. Electri€l Energy Revenues ($000s)

1 L Green Energy Credits ($ikwh)
20. Green Energy Revenues ($000s)
21. Total Energy Revenues ($000s)

22. Operator Energy Revenue Share ($000s)

Othet Mateilal Revenues
23. Re@vered Ferrous Market Price ($/ton)

24. Re@vered Ferrcus Revenues ($000's)

25. Recovered Non-Fercus N/arket Price ($/ton)

25. Remvered Non-Fetrous Revenues ($000's)

26. Re@vered Aggregate Market Price ($/ton)

27. Re@vered Aggregate Revenues ($000's)

28. Total Other N/aterial Revenues ($000's)

29. Operator Material Revenue Share ($000s)

Other Revenues
30. Non-County Waste Accepted (tons)

31. Non-County Waste Tip Fee ($/ton)

32. Non-CountyWasle Revenues ($000's)

33. Subtotal County Revenues
Revenues per ton ($/ton)

Counlv Expenses
34. Base O&M Fee ($000s/y0

35. Excess O&M Fee ($/ton)

36. Exce$ O&NI Cost($000's)
37. Consumable Costs

38. Pebble Lame Unit Cost ($/ton waste)
39. Pebble Lime Usage Cost ($000s)

40. Ammonium Hydroxide LJnitCost($/ton waste)
41. Ammonium Hydroxide Usage Cost ($000)

42. Carbon Unit Price ($/ton)
43. Carbon Usage Costs ($000s)

44. Nonproce$ible Waste
45. Nonprce$ibl€ Waste Haul Costto W'IE ($000's)

46. Non P@e$ible Waste WEBR Dispo*il including Flaul

47. Non Prcsible wste WEBR Disposalinduding Haul

48. Ash Disposal Fee ($iton)
49. Ash Disposal Expenses ($000's)

50. Olher Expenses ($000's)
51. Ulilites Pass Thrcugh ($/ton)

52. Utilities Pass Through ($000's)

53. Haul Cost to WTE Facility ($/ton)

54. Haul cost to WTE Facility ($000's)

55. Bypass Waste Disposal ($000's)

56. Subtotal Expenses ($000's)
Expenses per ton ($/ton)

FACILITY EXPENSES LESS REVENUES ($OOO.S)

NET O&N,1 COST PER TON OF WASTE

Amortized Annual lnitial Capital Cost ($000's)
Amortized lnitial Capital Cost Per Ton of Waste
Amortized Annual Expansion Cost ($000's)
Amortized Expansion Cost Per Ton of Waste
Total Amortized Capital Cost ($000's)

$0
$0.00

$16,742
$50.23

$16,742

$0
$0.00

$16,742
$50.23

$16,742

$o
$0.00

$16,742
$50.23

$16,742

$0
$0.00

$16,742
$50.23

$16,742

$o
$0.00

$16,742
$50.23

$16,742

90
$0.00

$16,742
$50.23

$16,742

$0
$0.00

$16,742
$50.23

$16,742

2072

45

2073

46

207 4 2075

4A

'1,333,333

1,333,333
5,000
41,972

377,333
55,468
5,U7

215,080
101,239
7.59%

$112,649
$84.49

$268,484
$201.36

$155,836
$1 16.88

N/A

$133,466

675
600

800,000
NiA
$0
$o

$0.0664
$53,1 13

$0.0000
$o

$53,1 1 3

$0

$427.74
$23,726
$2,495

$1 3,840
$0
$0

$37,566

176,'101

$124.76
$21,970

$14.16
$1B,B7B

$1.23
$1,634
$1.29

$1,716

$2,766
$327.84
$13,760
270.82

$27,418

$5.81

$7,752
$65.90

$76,265
$1,354

1,333,333
1,333,333

5,000
42,210

377,333
55,468
5,97

215,080
101,239
7.590/0

$1 14,388
$85.79

$276,984
$207.74

$162,596
$121.95

37,470
N/A
N/A

$1

675
600

800,000
N/A

$o
$0

$0.0674
$53,909
$0.0000

$0
$53,90S

$0

9440.57
$24A3A
$2,570

$14,255
$0
$0

$38,693
N/A

169,538
$128.50
$21,786

$14.58
$19,444

$1.26
$1,683
$1.33
$1,768

$2,865
$337.68
$14,253
278.95

$28,240

$5.99
$7,9B5

$67.88
$78,999
$1,395

1,333,333
1,333,333

5,000
42,450

377,333
55,468
5,547

215,080
101,239

7 .59o/o

$116,138
$87.10

$285,755
$214.32

$'169,617

$127.21

41,594
N/A
N/A

$1

675
600

800,000

$o
$0

$0.0684
$54,718
$0.0000

$0
$54,718

$o

$453.79
$25,171
$2,647

$14,683
$0
$o

$39,854

162,938

$1 32.36
$21,566

$1 5.02
$20,028

$1 .30

$1,734
$1.37

$1,821

$2,968
$347.81

$14,764
287.31

$29,087

$6.1 7

$8,225
$69.92

$81,830
$1,437

1,333,333
1,333,333

5,000
42,690

377,333
55,468
5,547

215,080
101,239
7.59%

675
600

800,000

$0
$0

$0.0694
$55,539
$0.0000

$0
$55,539

$0

$1 17,896
$88.42

$145,842

$3,074
$358.24
s1 5,293
295.93

$29,960

$294,806
$221.10

$176,9'10
$132.68

$467.41

$25,926
$2,727

$15,124
$o

$0

$41,0s0
N/A

1 56,301

$1 36.33
$21,308

$1 5.47

$20,628
$1.34

$1,7B6

$1.41

$1,876

$6.35
$8,471

s72.01

$84,763
$1,480

1,333,333
1,333,333

5,000
42,932
377,333
55,468
5,547

215,080
101,239
7.59./.

675
600

800,000
N/A

$0
$0

$0.0705
$56,372
$0.0000

$0
$56,372

$0

$r19,663
$8S.75

$3,1 84

$368.99
$15,842
304.81

$30,859

$304,'145
$228.11

$184,482
$138.36

N/A

7$150,21

$481.43
$26,704
$2,808

$'15,577

$0
$0

$42,281

149,627

$140.42
$21,010

$15.94
$21,247

$1.38
$1,840
$1.45

$1,932

$6.54
$8,726
$74.17

$B7,801

$1,524

1,333,333
1,333,333

5,000
41,500

377,333
55,468
5,U7

215,080
101,239
7.590/

$109,203
$81.90

$2,578
$309.02
$12,824
255.27

$25,844

$252,264
$189.20

$143,060
$r07.30

$1 25,805
N/A
N/A

600
800,000

N/A

$0
$0

$0.0644
$51,554
$0.0000

$0
$51,554

$0

$403.19
$22,364
$2,352

$13,046
$0
$o

$35,410

189,1 1 5
$1 17.60

$22,239

$r3.35
$1 7,794

$1.16
$r,541
$1.21

$1,6'lB

$5.48
$7,307
$62.12

$71,079
$1,276

1,333,333
1,333,333

5,000
41,735

377,333
55,468
5,U7

21 5,080
101,239

7 .59o/o

675
600

800,000
N/A
$o
$0

$0.0654
$52,328
$0.0000

$0
$52,328

$o

$110,920
$83.19

$129,579

$260,247
$1 95.1 S

$149,327
$111.99

N/A

$415.28
$23,035
$2,422

$13,437
$0
$o

$36,472
N/A

182,626

$121.12
$22,120

$13.75
$18,328
$l.19

$1,587
$1.25

$1,666

$2,670
$318.29
$13,284
262.93

$26,619

$5.65
$7,527
$63.98

$73,626
$1,315

a

Net Facility Cost ($000's)
Net Facility Cost Per Ton of Waste ($/ton)

$159,803
$1 19.85

$166,069
$124.55

$172,578
$129.43

$1 79,33B

$134.50
$186,360
$139.77

$1 93,652
s145.24

$201,225
$1 50.92

WEtrK
Disposal by Rail Capital Cost IMF ($/ton)
Disposal by Rail Haul to ll\,lF Cost ($/ton)
Disposal By Rail less Capital and Hauling to IMF ($/ton)
Disposal By Rail less Hauling to IMF ($iton)
Disposal By Rail ($/ton)

Disposal Tonnage Required
Disposal By Rail ($000's)

Difference between WTE and Rail Disposal (cost per ton)
Difference between WTE and Rail Disposal ($000's)

$0.00
$63.98

$254.31
$29.31
$318.29

$0.00
$65.90

$26'1.94

$26'1.94

$327.U

$0.00
$67.88

$269.80
$269.80
$337.68

$0.00
$69.92

$277.BS

$277.a9
$347.81

$0.00
$12.O1

$286.23
$286.23
s358.24

$0.00
$74.17

$294.81

$294.81

$368.99

$0.00
$62.12

$246.90
$246.90
$309.02

1,144,218
$353,588

1,150,707
$366,261

1,157,233
$379,388

1,163,795
$392,986

(:ir 113 74)

13241.1t2)

1,170,395
$407,071

1,177 ,032
$421,661

1,183,707
$436,773

rSlil'l 17)

l::'ta3.7tJ,t
(.:2t.t3 17)

(::2i :) c, 1l 
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Sl rins County King County Solid Waste Division
Waste to Energy Feaslbility Study

Operations and Maintenance

Haul

@ARCADIS
Waste to Energy Option - O&M Cost Estimate

ECONOMIC EVALUATION

Wasle Processina
1. ProcessibleWaste Delivered

2. Processible Waste Processed (lons)
3. Bypass Waste (tons)
4. :Nonprcce$ible Waste (toN)
5. Ash Generation (tons)

6. Ferous Recovered (tons)
7. Non-Ferrous Re@vered (tons)
B. Aggregate Recove.ed (tons)

L Ash Disposal (tons)
10. Ash Disposal as a percentage ofWaste Prccessed

Enerqv Revenues
11. Grcss Electrical Rate (kWh/ton)
12. Net Electri@l Rate (kwhiton)

13. Net Electri€l Generation (mwh/yr)
14. Capacity FactorAchieved
'15. Electri€l Capacity Fee ($/MW/mo.)

16. Eloclri6l Copocity Rcvcnucs ($000'e)
17. Average Electri€l Energy ($/kwh)

18. Electri@l Energy Revenues (9000s)
19. Green Energy Credils ($/kwh)

20. Green Energy Revenues (9000s)
21. Total Energy Revenues (9000s)

22. Operator Energv Revenue Share ($000s)

Other Material Revenues
23. Recovered Ferrous Market Pnc€ (gi/ton)

24. Recovered Ferrous Revenues ($000's)
25. Re@vered Non-Ferrcus Market P.ice (g/ton)

25. Re@vered Non-Ferrcus Revenues ($000's)
26. Re@vered Aggregate Market Price ($/ton)

27. Re@vered Aggregate Revenues (9000's)
28. Total Other lvlaterial Revenues ($000's)
29. Operator t\y'aterial Revenue Share ($000s)

Other Revenues
30. Non-County Waste Accepted (tons)

31 . Non-County Waste Tip Fee (g/ton)
32. Non-County Waste Revenues (9000's)

33. Sulrtotal County Revenues
Revenues per ton (g^on)

Countv Expenses
34. Base O&lv] Fee ($000s/yr)

35. Excess O&Nl Fee ($/ton)
36. ExcessO&M Cost(9000's)

37. Consumable Costs
38. Pebble Lime Unit Cost (g/ton waste)
39. Pebble Lime UsageCost($000s)
40. Ammonium Hydroxide UnitCost($/tonwaste)
41. Ammonium Hydroxide Usage Cost($000)
42. Cafton UnitPriLc(g/tuil)

44.
43. Carbon Cosls ($000s)

45.
46. Non
47. Non

48. Ash Disposal Fee ($/ton)
49. Ash Disposal Expenses (9000's)

50. Olher Expenses ($000's)
5'1 . Utilities Pass Through ($/ton)
52. Utilites Pass Thrcugh ($000's)
53. Haul Cost to WTE Facility (g/ton)
il. Haul Cost to WTE Facility (9000's)
55. Eypass Waste uisposal ($000's)

56. Subtotal Expenses ($000's)
Expenses per ton ($/ton)

FACILITY EXPENSES LESS REVENUES ($000's)
NET O&M COST PER TON OF WASTE

Amortized Annual lnitial Capital Cost ($000's)
Amortized lnitial Capital Cost Per Ton of Waste
Amortized Annual Expansion Cost ($000's)
Amortized Expansion Cost Per Ton of Waste
Total Amortized Capital Cost (9000's)

2076

49

2077

1,333,333
1,333,333

5,000
42,932

377,333
55,468
5,U7

215,080
101,239
7.59Vo

675
600

800,000
N/A

$0
$0

$0.0726
$58,076
$0.0000

$0
$58,076

$0

$5'10.75

$28,330
$2,979

$16,526
$0
$0

$44,856
N/A

't49,627

$148.97
$22,290

$12b,221
$93.92

$1 5S,366

N/A

$1 6.91

$22,U1
$1.46

$1,952
$1.54

$2,050

$3,378
$391.46
$1 6,806
323.37

$32,738

$6.94
$9,257
$78.69

$93,1 48
$1,617

$322,668
$242.00

$197,446
$148.08

$0.00 $0.00

$0.00 $0.00

$0

$o

$o

$o

Net\Facility Cost ($000's)
Net Facility Cost Per Ton of Waste ($/ton)

$190,862
$1 43.1 5

$197,446
$148.08

Disposal by Rail Capital Cost IMF (g/ton)
Disposal by Rail Haul to IMF Cost ($/ton)
Disposal By Rail less Capital and Hauling to IMF (g/ton)
Disposal By Rail less Hauling to l[,4F (g/ton)
Disposal By Rail ($/ton)

Disposal Tonnage Required
Djsposal By Rail ($000's)

Diffcrcncc bctwccn WTE and Rsil Disposal (cost per ton)
Difference between WTE and Rail Disposat (9000's)

Page 19

$o.oo
$76.40

$303.66
$303.66
$380.06

$0.00
$78.69

$312.77
$312.77
$391.46

1,143,707
$449,a77

1.183,707
$463,373

1,333,333
1,333,333

5,000
42,932
377,333
55,468
5,97

215,080
101,239
7.59%

676
600

800,000
N/A

$0
$0

$0.0715
$57,217
$0.0000

$0
$57,217

$0

!i'122,4U/

$91.81

$313,269
$234.95

$190,862
$143.15

54,724$1

$405.87
$27,505
$2,893

$16,045
$0
$0

$43,549
N/A

149,627
$144.63
$21,640

$1 6.41

$21,885
$1.42

$1,895
$r.49

$1,990

$3,280
$380.06
$16,317
313.96

$31,784

$6.74
$8,987
$76.40

$90,435
$1,570

(S2::3.91)
($2i:1 01.i)

(324.J.?,?)
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t{l Kins,County King County Solid Waste Division
Waste to Energy Feasibility Study

Basis of Gosts
lnitial Facility Gapacity Options Modeled

Expansion Capacity Modeled

EPC Construction Cost
PBREF 2 B&W Bid Price
Year of Bid Price
PBREF 2 EPC Price (including COs)
Year of Final EPC Price (COD)
Average Annual Escalation
Year PBREF 2 Construction Price Escalated To
PBREF 2 Final EPC Escalated Price
Assumed Labor Cost as Percentage of Construction Price
Seattle Labor Cost lncrease Compared to Miami (BLS)
Additional Labor Cost for Project Location
Assumed Equipment and Materials Cost as Percentage of Construction Price
Sales Tax WPB in 2015

Sales Tax King County

Additional Cost for Hlgher Sales Tax Rate

PBREF 2 Final EPC Escalated Price lncluding Location Adjustment
PBREF 2 Facility Capacity (TPD)
PBREF 2 Facility Capacity (TPY)
PBREF 2 Final EPC Escalated Price per TPD
Aesthetic Treatment Allowance (201 0)
Spare Parts Allowance (2010)

Percentage of EPC Price lncrease for Tonnage above 3000 tpd

Percentage of EPC Price for 1000 TPD Expansion

Additional ltems Not lncluded in PBREF 2
AMR Unit Cost ($/tpd ash processed)
Carbon Sequestration of Flue Gas (GHG Regulations) ($/tpd)
Land Acquisition Cost per Acre ($/Acre)
Acres Needed for 3000 TPD Facility Site (Acres)
Acres Needed for 4000 TPD Facility Site (Acres)
Acres Needed for 5000 TPD Facility Site (Acres)
Estimated Land Acquisition Cost ($/TPD) for 3000 TPD (end 4000 TPD)
Estimated Land Acquisition Cost ($/TPD) for 4000 TPD (end 5000 TPD)
Estimated Land Acquisiton Cost ($/TPD) Average

ffiARCADIS
3,OOO TPD

4,OOO TPD

1,OOO TPD

$667,981,128
2010

$672,284,230
2015

3.00%
2019

$756,661,824
1SYo

5004

$56,749,636.78
50%

6%

lO.Oyo

$15,133,236

$828,544,697
3000

1 000000

$276,181 .57

$12,000,000

$10,000,000
750k

400h

$11,400
$20,000

$900,000
30
43
55

$12,750
$12,375
$12,563

Page20



H KingCounty King County Solid Waste Division
Waste to Energy Feasibility Study

Basis of Costs
O&M Costs
PBREF 2 Base O&M Fee (2015)
PBREF 2 Base O&M Fee (2019)
Assumed Base O&M Fee for 3000 tpd Facility (2019)
Assumed Base O&M Fee per TPD (2019)
Percentage of Base O&M Fee lncrease for Tonnage above 3000 tpd
Percentage of Base O&M Fee for renegotiation of O&M term
Natural Gas Usage at PBREF 2 (ccflyear)
Natural Gas Price ($/mcf)
Annual Natural Gas Cost ($/ton)
Potable Water Usage (gallons/year)
Potable Water Price ($/ccf)
Annual Potable Water Cost ($/ton)
Wastewater Disposal (gallons/year)
Wastewater Disposal Price ($/ccf)
Annual Wastewater Disposal Cost ($/ton)
Total Utiliies Pass Through Cost ($/ton)
WEBR Cost Per Ton (includes capital. excludes haul to IMF)
Haul Cost to IMF ($/ton)
lntermodal Facility Land + Capital Cost ($/ton)
WEBR Cost Per Ton (excludes capital and haul to IMF)
lntermodal Facility Land + Capital Cost Payment Term (years)
Ash Disposal WEBR - lncludes hauling to existing IMF (g/ton)
Ash Disposal at Landfill ($/ton)

Revenues
Electrical Energy Revenue - Average 2019 WA ($/kwh)
Electrical Energy Revenue - Hlgh 2019 WA ($/kwh)
Electrical Energy Revenue - Low 2019 WA ($/kwh)

PBREF 2 System:
Mass Burn
Ferrous and Non Ferrous Recoveryfrom Ash
ACC
SCR
Carbon lnjection

PBREF 2 EPC Contract
Design-Build-Operate

PBREF 2 O&M Contact
Base O&M Fee up to Throughput Guarantee
Excess O&M Fee for waste over Throughput Guarantee
Electrical revenue shared for electrical generation above Eleclrical Generation Guarantee
60% Operator Energy Rev Share Above Net kWh/T
Operator does not receive a share of metals revenues

ffiancRcxs

$20,490,000
$23,061,676
$25,000,000

$8,333.33
50%

100%
703,000

$ 6.61

$0.465
92,500,000

$ 2.36

$0.292
25,500,000

$ '4.48
$o.494
$1'25

$s9.67

l 1',,,,iii,t $;i4ji?,
$3.35

$56.32
10

1111.., ,,,, jr$6bi€g
$17.00

$
$
$

0.0353
0.0387
0.0317
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\f, King County
King County Solid Waste Division
Waste to Energy Feasibility Study

Basis of Costs

ffiARCADIS

Nonprocessible Waste % 3.50%

Facility Capacity Modeled Facility Capacity Modeled 1,000,000

only works for only works for
initial 3000 initial 4000
TPD tpd

Expansion

Estimate
Amount of

Estimate Non.
Amount of processible

Waste (tons) , Waste (tons)

Low Bound Low Bound
888,513 31 ,098
BBB,9BB 31,'115
B9B,1B0 31 ,436
904,153 31 ,645
910J26 31 ,854
916,1 00 32,063
922,073 32,273
928,046 32,482
933,450 32,671
938,853 32,860
944,256 33,049
949,660 33,238
955,063 33,427

960,075 33,603

965,087 33,778

970,099 33,953
975,1 10 34,129
980,122 34,304
985,373 34,488
990,625 34,672

995,876 34,856

1.001.127 35,039

1,006,379 35.223

1 ,012,086 35,423
1,017,825 35,624
1,023,597 35,826
1,029,402 36,029
1,035,239 36,233
1,041 ,110 36,439
1,047,014 36,645
1,052,951 36,853
1,058,923 37.062
1,064.928 37.272
1,070,967 37,484

Estimate
Amount of
Frocessible

Waste (tons)
Low Bound

857,415
857,874
866,744
872,508
878,272
884,036
B89,BOO

895,565
900,779
905,993
911,207
916,422
921 ,636

926,472

931,309

936,145
940,982
945,818
950,885
955,953

961,020

966,088

971 ,155

976,663
982,201
987,771
993,373
999,006

1,004,671
1 ,010,368
1,016,098
1,021 ,860
1,027,655
1,033,483

Facility
Capacity

Available for
Outside
Waste

Low Bound
142,585
142126
133,256
127,492
121,728
115,964
110,200
104,435
qa )21

94,007
88,793
83,578
78,364

73,528

68,691

63,855
59,018
54,182
49,115
44,047

38,980

33,912

28,845

23,337
17,799
12,229
6,627
994

0

0

0

0

0

0

Estimate Facility
Amount of Estimate Capacity

Estimate Non- Amount of Available for
Amount of processible Processible Outside

Waste (tons) Waste (tons) Waste (tons) Waste

Hiqh Bound Hiqh Bound Hiqh Bound Hiqh Bound
888,513 31,098 857,415 142,585
895,673 31 ,349 864,324 135,676
936,563 32,780 903,783 96,217
958,103 33,534 924,569 75,431
994,51 1 34,808 959,703 40,297

1,012,412 35,434 976,978 23,022
1,049,871 36,745 1,013,126 0

1,079,268 37,774 1,041,493 0

1,117,042 39,096 1,077,946 0

1]44p68 40,074 1,104,894 0

1 ,183,897 41 ,436 1 ,142,461 0

1,204,364 42,153 1,162,211 0

1,225,184 42,881 1,182,303 0

1,246,365 43,623 1,202,742 0

1,267,912 44,377 1,223,535 0

1,289,831 45,144 1,244,687 0

1,312,129 45,925 1,266,204 0

1,334,812 46,718 1,288,094 0

1,357,888 47,526 1,310,362 0

1 ,381 ,363 48,348 1 ,333,015 0

1,405,243 49,184 1,356,060 0

1,429,536 50,034 1,379,503 0

1,454,250 50,899 1,403,351 0

1,462,539 51,189 1,411,350 0

1 ,470,875 51 ,481 1 ,41 9,395 0

1,479,259 51,774 1,427,485 0

1,487,691 52,069 1,435,622 0

1,496,171 52,366 1,443,805 0
1 ,504,699 52,664 1,452,035 0

1,513,276 52,965 1,460,311 0

1,521 ,902 53,267 1,468,635 0

1,530,576 53,570 1,477,006 0

1,539,301 53,876 1,485,425 0
1,548,075 54,183 1,493,892 0

Low Bound

Low Bound
0

0

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0

317,235
311,473
305,678
299,850

Expansion
High Bound

Hiqh Bound
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

-1 35,302
-143,673
-152,092
-160,559

Year
2018
2019
2020
2021
2022
2023
2024
2025
)A)A
2027
1U lO
2029
2030

2031

2032

2033
2034
2035
2036
2037

2038

2039

2040

2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
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H KingCounty King County Solid Waste Division
Waste to Energy Feasibility Study

Basis of Costs

@ARCADIS

Amount of Estimate
Estimate Non- Amount of

Amount of processible Processible
Waste (tons) WaSte (tons) Waste (tons)

Estimate
Amount of

Estimate Non-
Amount of processible

Waste (:ons) Waste (tons)
1,556,899 54,491
1,565,773 54,802
1,574,698 55,114

N$, 5s,42s
1,592,701 55,745
1,601,779 56,062
1 ,610,909 56,382
1,620,091 56,703
1,629,326 57,026
1,638,613 57,351
1,647,953 57,678
1,657,347 58,007
1,666,793 58,338
1,676,294 58,670
1,685,849 59,005
1,695,458 59,341
1,705,'23 59,679
1,714,842 60,019
1,724,616 60,362
1,734,447 60,706
1,744,333 61,052
1,754,276 61 ,400
1,764,275 61 ,750
1,774,331 62,102

Estimate

37,696
37,910
38,125
38,341
38,559
38,777
38,997
39,218
39,441
39,665
39,889
40,116
4A343
40,572
40,802
41,033
41,266
41,500
41 ,735
41,972
42,210
42,450
42,690
42,932

Facility
Capacity

Ava'lable for
Outside
Vy'aste

0

0

0

0

0

0

0

0

0

0

0

0

0

0
n

0

0

0

0

0

0

0

0

0

Waste (tons)
1,502,407
1,510,971
1 ,519,584
1,528,245
1,536,956
1,545,717
1,554,527
1,563,388
1,572,300
1,581 ,262
1,590,275
1,599,339
1,608,456
1,617,624
1,626,844
1,636,117
1,645,443
1,654,822
1,664,254
1,673,741
1,683,281
1,692,876
1,702,525
1,712,230

Facility
Capacity

Available for
Outside
Waste

0

0

0

0

0
n

0

0
0

0

0
0

U

0

0
n

0

0

0

0

0

0

0

0

Expansion
Low Bcund

293,990
288,096
282,168
276,207
270,213
264,184
258,121
252,023
245,891
239,725
233,523
227,286
221,014
214,706
208,362
201,983
195,567
189,115
182,626
176,101
169,538
162,938
156,301
149,627

Expansion
High Bound

-169,074
-177,638
-186,250
-194,912
-203,623
-212,384
-221,194
-230,055
-238,966
-247,928
-256,942
-266,006
-275,122
-284,291
-293,511
-302,784
-312,110
-321 ,489
-330,921
-340,408
-349,948
-359,543
-369,192
-378,896

2052 1,077,040
2053 1,083,148
2054 1,089,290

,i aoss$$Nt$kffi
2056 1 ,101 ,680
2057 1,107,927
2058 1,114,210
2059 1,120,529
2060 1,126,883
2061 1,133,273
2062 1,139,700
2063 1,146,163
2064 1 ,152,663
2065 1,159,199
2066 1,165,773
2067 1J72,384
2068 1,179,032
2069 1,185,719
2070 1J92,443
2071 1,199,205
2072 1,206,005
2073 1,212,844
2074 1,219,722
2075 1,226,639

1,039,344
1,045,238
1 ,051 ,165
1,057,126
1,063,121
1 ,069,150
1,075,213
1,081,310
1,087,442
1,093,609
1 ,099,810
1,106,047
1,112,320
1,118,627
1,124,971
1,131,351
1,137,766
1,144,218
1,150,707
1,157,233
1,163,795
'1 ,170,395
1,177,032
1,183,707

Notes:

low indicates n and therefore used in model

blue highliEht indicates delayed tonnage and year
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lfl KinsCourrty
King Gounty Solid Waste Division
Waste to Energy Feasibility Study

Basis of Costs

JNARCADIS

Estimate
Amount of

Waste (tons)

Facility
Capacity

Available for
Outside
Waste

Estimate
Amount of

Waste (tons)

Facility
Capacity

Available for
Outside
Waste

Expansion
Low Bound

Expansion
High Bound

3000000

2s00000

2000000

1500000

1000000

tsrunred(snrh,nsxrk$hArIer.4w$e drspo*l ol 3,!4&rdt 9<rpc.ifi w

0.57 (2040 - 2075)o
!

Growth Rate 1.7 Growth Rate

- 

WtE Study proposed Low Bound

-------- Linear (WtE Study proposed Low Bound)

c
o
F

0

2018 2023 202a 2033 2038 2043 2048 2053 2058 2063 2068 2073

o.s7 (2018 - 2075)
Growth Rate
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\{lri"s Cotrnty King County Solid Waste Division
Waste to Energy Feasibility Study

Overall Financial Summary

2047
20

2077

ffiARCADIS

Overall Financial Summary

Term End Year

Low Tonnage Bound Case - 3000 TPD
Total Construction Cost
Total O&M Costs
Total O&M Revenues
Total Net O&M Cost
Total Costs
Total Cost Per Ton

High Tonnage Bound Case
Total Construction Cost
Total O&M Costs
Total O&M Revenues
Total Net O&M Cost
Total Costs
Total Cost Per Ton

40OO TPD

2028
Term (years)

lnitial Constr. and O&M
Tem

$1,193,474,835
$1,686,825,351
$732,267,096

$954,558.254.92
$2,148,033,090

$1!7.40

$1.492.872,058
$2.237.584.299
$1,1 75,506,847
$1 ,062,077,452
$2,554,949,509

$95.81

2037

$690,1 87,680
$717,846,837
$34'1,497,157

$376,349,680.65
$1,066,537,3e1

$106.65

s1,026,526,1 33
$0

$1,026,526,133
$1 09.94

$40,011,228
1S3 291

$863,329,391
$892,336,91 7

$457,653.01 1

$434,683,90€
$1,298,013,297

$97.35

$1,362,187,21A
$0

s1 ,362,187,215
$1 10.25

(864,1 73,921 )
(s1 2.90)

$1,413.860.228
$1,686,825.351
$732,267,096

$954,558,29.92
92,368,418,483

$118.42

$2.424,490,647
$0

$2,424,490,647
$126.35

(s56,072,1 65)
($7.S3)

$1,860,223,433
$2,237,5U,299
$1,1 75.506.847
$1,062,077.452
$2,922,300,885

$99-62

$3,376,330,508
$0

$3,376,330,508
$'127.19

$2.572,836,051
$8,094,904,540.78

$3 704,303,169
$4,3S0,601.371 .35

$6 963,437,423
$1 16.06

$11,251,567,O71

$0
$11,251 ,567,071

$21 5.1 5

(s4,288.1 29.649)
(s99.09)

$2,990,682,1 28
$1 0,1 72,1 84,068
$4263,063,438
$5,909,1 20,630
$8,899,802,758

$112.18

$1 6,1 40,955,031

$0
$1 6.140,955,031

$216.90

5010

Scenario€

Low Tonnage Bound Case - 3000 TPD
lnitial Caracity TPD, TPY
Expansion
Expanded Size -PD, TPY
Hauling Cost to WTE Facility ($/ton)
Out of County Waste Accepted (Year 1, TPY)
Land Acquisition Costs ($/TPD)
Bypas Waste Annual Tonnage ltons)

Hauling CDst to IMF
Construction Cost of New IMF

High Tonnage Bound C6e - 4000 TPD
lnitial Capacity TPD, TPY
Expansion
Expanded Size TPD, TPY
Hauling Cost to WTE Facility (Mon)
Out of County U./aste Accepted ('/ear 1, TPY)
Land Acquisition Costs ($ffPD)
Bypass Waste Annual Tornage (tons)

Hauling Cost to IMF
Construction Ccst of New MF

Waste-by-Rail Export Low Tonnage Bound Case - 3000 TPD
Costs
Revenues
Total Net Costs
Total Net Cost Per Ton

between WTE and WEBR (Total Net Cost)
Difference between WTE and WEBR (Total Cost Per Ton)

lncluded
lncluded

ln:luded
lncluded

4000
2040
5000

$'14.17
1 90,873
$12,563

5000

3000
2048
4000

$'14.17
88,793

$1 2,563
5000

1,000,000

1,333,333

1,333,333

1,666.667

Waste-by-Rail Export High Tonnage Bound Case - 4000 TPD
Costs
Revenues
Total Net Costs
Total Net Cost Per Ton

Difference between WTE and WEBR (Total Net Cost)
Difference between WTE and WEBR (Total Cost Per Ton)

($454.029,622) ($7211.152.273)
(s27.57\ 1S1 04 72i
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Y EATS

Plannino / Permittinq / Sitinq Years

Develop Bid Package 1 Years

Procurement to Notice of Award 1 Years

D/B to COD 5 Years

Cost Estimate Date 61112019 Date

Permittinq/Planninq/Sitinq Start Date 1t112020 Date

Develooment of Desion Criteria and Bid Packaqe 11112020 Date

Procurement of EPC Contractor 1t1t2022 Date

Contractor Notice to Proceed Date 1t1t2023 Date

Contractor NTP Check (Permittino/Sitino comolete) 11112023 Date

Commercial Operation Date 1t1t2028 Date

1,000 TPD Future Expansion Completion 2040 Year

Future Exoansion Desion and Construction Duration 2 Years

HKlngCounty
King County Solid Waste Division
Waste to Energy Feasibility Study

lnputs and Summary

Start Date/Duration

ffiARCADIS
Waste to Energy Option - Assumptions / lnputs

Blue font indicates an input value

Schedule

Costs and Escalation Factors

Waste Processi

lnitial Desiqn and Construction Price $1 ,317,627,588 $

lnitial Consultinq Fees $39.528.828 $

lnitial Annual Operation Fee (2019) $29.166.667 $/vr

Annual lnitial Construction Cost (Pavments over 30 vear bond term) $86,332,939 $/vr

Expansion Desiqn and Construction Price $203.848.579 c

Expansion Consultinq Fees bo. I t3.4cl o

Expansion Annual Operation Fee (Expansion Year) $60,113,619 $/yr

Annual Expansion Construction Cost (Payments over 30 year bond term) $13,356,465 $/vr

Consultinq Fees Percentaqe of Construction Cost 3.0To Percent (%)

Bond Financinq Cost as Percentaqe of Construction Cost 0.6% Percent (%)

Additional Bond lssuance Cost as a Percentaqe of Construction Cost 6.7o/o Percent (%)

Bond Financinq Rate 4.jYo Percent (%)

Bond Financinq Term 30 Years

Capital Cost Escalation Rate 3.00k ok oer vear

Annual Ooeratino Fee Escalation / CPI 3.0% o/o Per Vear

Net Present Value (NPV) Discount Factor - Construction 4.5o/o o/o Oer Vear

NPV Discount Factor for O&M 4.5% % per vear

Term of lnitial Operation and Maintenance Agreement 20 Years

Term of lnterim Operation and Maintenance Agreement 5 Years

Term of 2nd Operation and Maintenance Aqreement ZJ Years

Land Acquisition Cost $12,563 $/TPD

lnitial Facility Throughput 4,000 tpd

lnitial Annual Throuqhput Guarantee 1.333.333 tov

Facilitv Availabilitv (Dailv to Annual Throuqhput Factor) 91To Percent (%)

lnitial Processible Waste Processed 1,333,333 tpv

Expansion Additional CapacitV 1.000 tpd

Exoansion Additional Throuqhput 333,333.33 tpv

Expanded Facility Throughput 5,000 tpd

Expanded Facilitv Throuqhput Guarantee 1.666,667 tpv

Processible Waste Delivered Escalation Rate 0.00% o/o pel Vear

Residue Generation Rate 28.30h % of processed tons

Ash Disoosal Cost (Year 1 ) $58.23 $/ton

Annual Averaoe Hiqher Heatinq Value of Waste Processed 5,200 Btu per Pound

Desion HHV Waste Assumotion 5,000 Btu per Pound

Out of Countv Waste Accepted (Year 1) 190.873 tov
Out of County Waste Tip Fee (Year 1) s35.00 $/ton

Percentaoe of Remainino Capacitv use for Out of Countv Waste 100% Percent (%)

Bvpass Waste Tonnaqe 5,000 tpy

Nonprocessible Waste Percentage J, Percent (%)

Transport Cost to WTE Facility $/ton
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H Klnscounty fiil3.ii,j'l'JJ#lg:iJi*?:;J:; @ARCADIS
lnputs and Summary

Electrical

Metals

Air Pollution Gontrol

Gross Elbctric Generation Rate 675 kWh/ton
Electric Generation Guarantee 600 kWh/ton
Electric Capacitv Guarantee 0 MW Month
Electric Capacity Factor g00k Peroent (%)

Electric Capacity Payment (Year 1) $0 $/MW month

Electric Capacitv Pavment Escalation Rate 1 .90o/o % per vear
Electric Energy Escalation Rate 3.00% Percent (%)

Average Electrical Energy Revenue $0.0350 $/kwh
Green Enerqv Credit $0.0000 $/kwh
Operator Energy Rev Share Above Net kWh/T 60% Percent (%)

Operator kWh/Ton Achieved 600 kWh/Ton

Ferrous Metal Recovery Guarantee 98.0% Percent Recovered
Non-Ferrous Metal Recovery Guarantee 98.0% Percent Recovered
Recovered Ferrous Market Price (Year 1) $120.00 $/ton
Recovered Non-Fenous Market Price (Year 1 ) $700.00 $/ton
Ferrous Metal ln Ash 15.00h % in Ash Residue
Non-Fenous Metal ln Ash 1 .5o/o % in Ash Residue

Operator Material Revenue Share 0% Percent (%)

Aqgregate Production 570/o % in Ash Residue
Aggregate Price (Year 1) $0.00 $/ton

Pebble Lime Usage Rate 21 .00 Lbs/ton of waste
Ammonium Hydroxide Usaqe Rate 3.50 Lbs/ton of waste
Carbon Usaqe Rate 0.40 Lbs/ton of waste
Pebble Lime Unit Cost 0.147 $/lb
Pebble Lime Cost per Ton of Waste 3.08 $/ton
Ammonium Hvdroxide Unit Cost 0.076 $/b
Ammonium Hydroxide Cost per Ton of Waste 0.27 $/ton
Carbon Unit Price 0.70 $/tb
Carbon Price per Ton Waste 0.28 $/ton
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H Ktng f"ounry fiil3,""iJlYJ,"j,193iff*?:,"J:; TEARCADIS
lnputs and Summary

Proiect Costs Summarv

3To

3o/o
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Ef, Ktng, sounry fi113,"'i"'l.J"'#lg:iff*?!,"J:; S ARCADIS
lnputs and Summary

Color Code:

Metals Recovery Estimates

62,667 Metals in waste stream (4.7o/olrom Waste
56,600 Ferrous Metals in Ash Residue

5,660 Non-Ferrous Metals in Ash Residue

62,260 Total Metals in Ash Residue
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HKingf,nunty
King County Solid Waste Division
Waste to Energy Feasibility Study

Gonstruction

gARCADIS

Kiry Coung $lid Wab Divbion

W.<eb&a@kaffituS@

Wasle to Ene€y Oplion - Cap(bl Cod Edjmate

PBREF 2 FlnalErc Eslatd trepd TPO

Eslatd b 2019 btmaH CsEbr HmaH Eryndon
Value NTP Y€r b COD Ysr tut
2019 2023 209

32rc,1a2 t31o,g5 3193,714

10.@ t0.00

320.m s2,510 Sro,rg
lo.m $.m huld @nsiddthisa.inddd in PBREF 2 optoEl@S{a4hdc, sFr.patu,.b)

012.s3 114.1@.4 6o.m Curstyasmd lad ndetorqacid Frchasd dth inital€nstucton. \
to.m s0,@

3S,744 tg7.4g $m,849
4W 4m 1m

ffi

111.@ $12,s1 MA asmdno.ryndonrquird
119 11& N/A

Ca6on Squ6uaton of Flue Gas (GHG Rqulafions)
lnifd Anshcfon of Unit Sib Wo* For Epnion SF@
Lad Aquiiton &sb
Potstal kucton tor Eld€lEquipmdttum Elefic Company

Esiimatd Conshcton Pria P€r PD Wasb

FacilityCaFdty (TPD)

Advand rcbb Rssry (AMR) sFim
AMR Unit e.t (gbd a$ rM)
F*ility tuh Pducton OPD)
EdmaH Conshdion Pice of AMR sr2,w,m $14,94.4!0

Tokl Es{maH conshdon Pd@ (EPC)

SchsduL (months
tunmP)

9A-M.t9

Bod lsuanc. C6t
6mn.rchl

OpdioB (nontbConFncd h*ripfion
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HKingfiouner
King County Solid Waste Division
Waste to Energy Feasibility Study

Construction

SARCADIS

Kins coungSolid W6te Division

Wade to tue@ tu.diltu S&

Esla6to mlg Edimatd ks tor
MPYa.b COOYeT

204
$310,&5

so.@

82ZS1O

s0,m

$14.1S.A
$0.00

$97,4s

EdmaH Eryrdon
@
os

t1s,714
$0.00

slo,1g
$o.00

s.@
$0.m

ta3,g9

Waie to Energy Option - Capital Cod Eslimate

BREF 2 FinalEPC klatd tue pdTPD

Trbl btmab CoGhdon Prj@ (EPC)

m19
$27AjA2

Gtun Sq!6hfm of Flue G.s (GHG Rrylatons)
lnifal &nfrdon of Unit Site Woil For Esnsion S@
Lad Aquid{on &sE
Pots$€l kucfion tor EIefi€l Eqlipmnl tum Estic tuFny

Hmatd Conshcuon Pile P.r TPD Wasb

F*ility Capadty (TPD)

Mvand mbb Rewry (AMR)SFtm
SRUnntu(glpd a$ pl@)
Fdlity M Prdudion {TPD)
&imab Contudon tr6of AMR

40@ @ t0@
s1,?9,97O,2A3 31.O3,103,12 t20q96,5re

$11,40
11e

$1e81
11e

120.m

$12,$3

ss,744

tl2,g,@ $14524,4@

&d lsuancoc6t

32G345!$1

OFdioB (monhGmFn€nt OGcdpton
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HlKinsCounty
King County Solid Waste Division
Waste to Energy Feasibility Study

Construction

gARCADIS

Ktq CounvSolid Wato Division

W&eto tue@ Fe#Itu Sa&

Wade to Ene€y Option - Capit€l Cd Edimde

PBREF 2 Final EPC Eslatd Pie F TPD

A&itonal lhs Not lncludd in PAREF 2

&tun SquGUaUon d Flu. c€s (GHG Rqulalions)
lnital &nshcUs of Unit Sib Work For Esndon S@
Lad Aquisiton ftsb
Potmtial Mudonfor Eld€l Equipmstftom EldicCompany

EdimaH Cm.hcdon tr@ tuTPD Wesb

F&ility CaFcity (TPD)

$270,1A2

s20,@0

$12,S3

sru,744
4m

Edimald C6k for
NTPY@r b CODY€r

2023
5310,E45

s0.00

522,510

t0,@
114,1S.20

$0.@

su7,494
4m

EdimsH E$nsion
Gst

20s
t193,714

i0,@
t10.19

to.@
som
30.@

sm,E4o
1m

Eslatd to 2019

&19

s1,29,970,203 31,O3.103,122 $203.&8,579

Ad€nd &ls R@wry {AMR) SFtm
AMR Unit &st (glpd €$ trod)
FdlityAsh frdudon {TPD)

Esdmatd Cilshdon m6 otAMR

$11,@
11e

$12.831

11e
i12,W,m sl4,52{,466

Tobl Estmatd GNtMion Pd€ (erc)

124
l.r.iI^,m

orratioB {montuComFnoil &*ripton
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HlKhsf,ounty
King County Solid Waste Division
Waste to Energy Feasibility Study

Gonstruction

gARCADIS

Kinq County$lid W6b Otobbn
W&cbtutuk&iltu5t&

Wede io Ensgy Option - Capilal Cod Edimate

PBREF 2 FinalEPC EslaH PdcFTPD

Tobl Estmad coBhdion Pdce (Erc)

Gtun Squ6hton d Flue Gas (cHG Rryl€lio6)
lniUsl Congudon ot Unit Sib Wo* For Esnsion Sre
Lad Aquidton Cosb

Potstal Ddudon br El&ti@l Equipmat tum Elatic hFny
Estimab Coruhcton Pde tur TPD Wsb
tuili9 Gpadty (TPD)

EdmaH cdsfor
MP Yer to COD Y€r

ma
$310,95

so.@

$2251O

t0.00

3r4,1S.4
lo!0

397.4S
-4m

rcG
41e3,714

t0.00

s10,19
$0.@

$o.@

$0.s
t33,s9

Esht- to 201e

2019

s27A,1A2

9A.@

s12,S3

5S,7{
40@

tufimdd Eryidon
tust

$1.S3.103.12 $26,sE,579

$rasl
1t@

100

AdEnd kls R-osry (AMR) SFtm
AMR Unitbt(s/hda* pr@)
kjlity Ash Prdudon (TPD)

Btd.E Cdshdon Pd€ d AMR

sl,e,e7a,2a3

$11,€0

&nd bsuan@Cost

I&gIsI

OFratioE (monbComFn.d &rcription
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HlKinsCounty
King County Solid Waste Division
Waste to Energy Feasibility Study

Construction

AARCADIS

KiE CountySolid Wate Division

W.de to het@ kasiilltu St@

Wade to Energy Option - Cap-bl Col Egimate

PBREF 2 Final Erc EslaH TPO

klatd b 2019

2019

s27a,la2

s2o.m

s12,$3

$s,74
4m

EdmeH CGb for
NTP Yer b COD Y€r

208
$10,&5

$0.m

$22510

so.@

s14,1@20

t0.@
s97,494

40@

ilmatd E$nsion
tu3t

20s
31S,714

go.@

310.19
s0.@

t0-00

10.@

$26,&o
10@

G6on Squ6baton of Flu. Gas (GHG Rquldons)
lnital tuffihcfion of Unit Sib Wo* For E$ndon Sp*c
Land AquidUon tusb
Potstial kucton br Eld€l Equipmdt tum Elsbic hFny

EstimaH Con6hclion Pd@ tor TPD Wasb

FacilityCaFdty (TPD)

$1,29.970,263 31.S,103,12 3203.4.579
Adwncd kls Rowry (AMR) sFtffi

AMR Unit &st (glpd a$ r€a$.d)
Feilily tuh tuducton (TPD)

i11.@
11e

Estimaid Contudon Prie of AMR

ToH atmaHconshdon Pd6 (EPC)

$1esl
119

s12,S4,&0 914,524,46

&d lsuanc. c6toFdioE (months6mFnont Description
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HlKingftunty
King County Solid Waste Division
Waste to Energy Feasibility Study

Construction

Eslatd to 2019 E$matd Colb tor
fP Yer b COD Y@r

ESimaH E#ngoh

2019

$270,182

s20,m

s12,S3

sm,744

SARCADIS

King County$lid Wab DtoLion

Wade lo tuw Fe6kiltu Sttu

WaSe to Energy Option - Capibl Co{ Estimate

PBREF2 FnalErc Eslatd Pd@ f TPD

Acditonal lrms Mt Indudd in PBREF 2

Carbon Squchtd orFlue Gas (GHG Rqulationq
lnitalGnshcton of UnitSibWo* ForErynsion Spac
LandAcquidton &sb
Potatial Dducton lor El&blel Equipmnt tum El!:Uic Cmpany

Egimatd Constudon Pics Per TPD Waste

F-ilityCaFcity (TPD)

2023
9310,84S

s0,00

s22.510

$o.@

t14,1$.20
$0.@

947,494

&st
20s

$193,714

$0.6
t1o,1 g

$0.tr
s0.@

10.0c

$&3,e9
4m 40@ 106

s1,2y,s7a.B3 t1,&3,103,r22 3203.&8,579

Advand trbls R&wry (AMR) sFtn
AMR Unit &st (!lpd a$ pr@)
F-lity M tuucton (TPO)

S11,@
11e

Edimatd Conshdon Pd@ of AMR

T&l Estmatd &nstrudion Pdce (EPC)

312,631

$12,S4,800 $14,524,46€

119

Bond lsEn6. CctoFrdio6 (monthsCompnoil hscriptbt
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\fl ri"s County
King County Solid Waste Division
Waste to Energy Feasibility Study

Operations and Maintenance
Year Based on COD 2028 2029

S@ARCADIS
Waste to Energy Option - O&l\y' Cost Estimate

ECONOMIC EVALUATION

Waste Processinq
1. ProcessibleWasteDelivered

2. Processible Waste Processed (tons)

3. Bypass Waste (tons)

4. lNonprcce$ible Waste (tons)

5. Ash Generaton (tons)

6. Fenous Recovered (tons)
7. Non-Ferous Re@vered (tons)

8. Aggregate Recovered (tons)

9. Ash Disposal (tons)

10. Ash Disposal as a percentage of Waste Prccessed

Enetqv Revenues
1'1. Gross Electriel Rate (kwh/ton)
12. Net Electri€l Rate (kwh/ton)

1 3. Net Electrical Generation (mwh/yr)
'1 4. Capacity Factor Achieved
15. Electri@l Capacity Fee ($/N,4W/mo.)

16. Electri€l Capacity Revenues ($000's)

17. Averaqe Electrical Energy($/kwh)
1 8. Electri€l Energy Revenues ($000s)

19. Green Energy Credits ($/kwh)
20. Green Energy Revenues ($000s)
21. Total Energy Revenues ($000s)

22. Operator Energy Revenue Share ($000s)

Other Material Revenues
23. Re@vered Ferrous fi4arket Price ($/ton)

24. Recovered Ferrous Revenues ($000's)
25. Recovered Non-Ferous Market Price ($/ton)

25. Re@vered Non-Ferrcus Revenues ($000's)

26. Re@vered Aggregate N.4arket Price ($/ton)

27. Recovered Aggregate Revenues ($000's)

28. Total Other Material Revenues ($000's)

29. operator lvlaterial Revenue Share ($000s)

Olher Revenues
30. Non-County Waste Accepted (tons)

31 . Non-County Waste Tip Fee ($/ton)

32. Non-County Waste Revenues ($000's)

2030 2031

4

2032

5

2033

Escalaton Rates or
Values

0.00%
1,333,333

28.300/0

57.OOo/o

675
600

1.90%
90%

1.50%

3.00%

600

3.00%

3.00vo

3.00%

oyo

1000/0

3.00%

33. Subtotal County Revenues
Revenues per ton ($/ton)

Counlv Expenses
34. Base O&M Fee ($ooos/yr) 3 00%

35. Excess O&l,I Fee ($/ton)

36. Excess O&lV1 Cost ($000's)

37. Consumable Costs
38. PebbleLimeunitoost($/tonwaste) 3000/0

39. Pebble Lime UsageCost($000s)
40. Ammonium Hydrcxide unit Cost ($/ton Mste) . 3 00%

41 . Ammonium Hydrcxide tJsage Cost ($000)

42. CarbonunitPrice($/ton) 3.00%

43. Carbon Usage Costs ($000s)

44. Nonprcressible Waste
45. Notppt$ible Waste,Haul Costto UafE {9000's)
46. Non'PrcNiHe Waste WEBR oisposal including Haul Co! $70 49

47. Non Prcsible Waste WEBR Oisposal including Haul Cost ($000's)

48. Ash Disposal Fee ($/ton)
49. Ash Disposal Expenses ($000's)

50. Other Expenses ($000's)

51. Utilities PassThrcugh ($/ton)

52. UtiliUes Pass Through ($000's)

53. Haul Cost to WTE Facility ($/ton)
g. Haul Cost to WTE Facility ($000's)

55. Bypass Waste Disposal ($000's)

56. Subtotal Expenses ($000's)
Expenses per ton ($/ton)

FACILITY EXPENSES LESS REVENUES ($OOO,S)

NET O&M COST PER TON OF WASTE

Amortized Annual lnitial Capital Cost ($000's)
Amortized lnitial Capital Cost Per Ton of Waste
Amortized Annual Expansion Cost ($000's)
Amortized Expansion Cost Per Ton of Waste
Total Amortjzed Capital Cost ($000's)

$86,333
$64.75
$0.00
$0.00

$86,333

986,333
$64.75
$0.00
$0.00

$86,333

$86,333
$64.75
$0.00
$0.00

$86,333

$86,333
$64.75
$0.00
$0.00

$86,333

3.00%

$1.25

s14.17

$86,333
$64.75
$0.00
$0.00

$86,333

$86,333
$64.75
$0.00
$0.00

$86,333

1,333,333
I,333,333

5,000
42,153

377,333
55,468
5,547

215,080
101,239
7.59o/o

675
600

800,000

$o
$0

$0.0355
$28.420
$0.0000

$0
$2a,420

$0

N/A

$38,727

$123.60
$6,856
s721

$3,999
$0
$o

$10,855

171,122
$36.05
s6,1 69

s45,444
$34.08

$4.09
$5,455
$0.35
$472
$0.37
$496

$803
$94.73
$3,993
7A.26

$7,923

$1.68
$2,240
$1S.04

$22,132
$391

$82,633
$61.97

$37,189
s27.89

1,333,333
1,333,333

5,000
42,841

377,333
55,46B

5,547
2'1 5,080
101,239
7.59o/o

675
600

800,000
N/A
$0
$o

$0.0361

$28,846
$0.0000

$o
$28,846

$o

$45,635
$34.23

N/A

$39,889

$127.31

$7,062
$743

$4,1 r9

90
$0

$1 1,181

151,030
$37.13
$5,608

$4.21

$5,619
$0.36
$486
$0.38
$51'1

$841

$97.57
$4,1 84

80.60
$8,1 60

$1.73
s2,307
$19.61

$23,190
$403

$80,566
$60.42

$34,931

$26.20

1,333,333
'1,333,333

5,000
43,623

377,333
55,468
5,U7

21 5,080
101,239
7.59%

675
600

800,000

$0
$0

$0.0366
$29,279
$0.0000

$0
$29,279

$0

$131.13
$7,273
$765

s4,243
$o
$0

$11,516
N/A

$83,396
$62.55

$41 ,086

$4.34
$5,787
90.38
$501

$0.39
$526

'130,591

$38.25
$4,995

$45,790
$34.34

$BB1

$100.50
$4,384
83.02

$8,405

$1.78
$2,377
$20.20

$24,299
$415

$37,606
$28.20

1,333,333
I,333,333

5,000
44,377

55,468
5,547

215,080
101,239
7.59%

675
600

800,000
N/A
$0
$o

$0.0371

$29,7'18

$0.0000
$o

$29,718
$0

$135.06
$7,492
$788

$4,370
$0
$0

$11,862
N/A

$45,905
$34.43

$923
$103.52
$4,594
85.51

$8,657

N/A
N/A

$42,319

109,799

$39.39
$4,325

$4.47
$5,961
$0.39
$516
$0.41

$542

$'1.84

$2,448
$20.81

$25,461
$428

$86,331
$64.75

$40,426
$30.32

1,333,333
1,333,333

5,000
45,144

377,333
5s,468
5,U7

21 5,080
101,239
7.590

675
600

800,000
NiA

$0
$o

$0.0377
$30,164
$0.0000

$o

$30,1 64

$o

$43,588

$4.60
$6,140
$0.40
$532
$0.42
$558

$1s9.11
$7,716
$81 1

$4,501

$0
$0

$12,217
N/A

88,647
$40.57
$3,597

$45,978
$34.48

$968
$106.62
$4,813
88.08

$8,917

$1.89
$2,521

$21.43
$26,678

$440

$89,374
$67.03

$43,396
$32.55

1,333,333
1,333,333

5,000
41 ,436

377,333
55,468
5,547

21 5,080
101,239
7.59%

675
600

800,000
N/A

$0
$o

$0.0350
$28,000
$0.0000

$o
$28,000

$0

$37,599

$120.00
$6,656
$700

$3,883
$o
$0

$10,539

'190,873

$35.00
$6,681

$45,219
$33.91

$3.97
$5,296
$0.34
s459
$0.36
$482

$766
$91.97
$3,81 1

$75.98
$7,692

$1.63
52,175
$18.49
$z'r,tzi

9380

$79,782
$59.84

$34,562
$25.92

Net Facility Cost
Net Facility Cost

$'120,895
$90.67

($000's)
Per Ton of Waste ($/ton)

s123,522
$92.64

$121,264
$90.95

$123,939
$92.95

$126,758
$95.07

$129,729
$97.30

WEBR YEAT

Disposal by Rail Capital Cost IMF ($/ton)
Disposal by Rail Haul to IMF Cost ($iton)
Disposal By Rail less Capital and Hauling to IMF ($/ton)
Disposal By Rail less Hauling to IMF ($/ton)
Disposal By Rail ($/ton)

Disposal Tonnage Required
Disposal By Rail ($000's)

Difference between WTE and Rail Disposal (cost per lon)
Difference between WTE and Rail Disposal ($000's)

$4.37
$1 8.49
$73.48
$77.86
s96.34

$4.37
$19.04
$75.69
$80.06
$99.1 0

$4.37
919.61

$77.96
$82.33

$101.95

$4.37
$20.20
$80.30
$84.67

$104.87

$4.37
$20.81

$82.71
$87.08

$107.89

$4.37
$21.43
$85.19
$B9.56

$1 10.99

1,142,461
$1 10,070

1,162,211

$1 1 5,1 79
1,'182,303

s1 20,531

1,202,742
$1 26,1 35

(;5 il7)

$10,826

1,223,535
9132,005

1,244,647
$1 38,152

(r{'.iil)
$8,342

zu19

$3.35
$'14.17

$56.32
$59.67
$73.84
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S ri"gCounty King County Solid Waste Division
Waste to Energy Feasibility Study

Operations and Maintenance
2034 2035 2036

ffiARCJ\DIS
Waste to Energy Option - O&l\y' Cost Estimate

ECONOMIC EVALUATION

Waste Processinq
'1, Processible Wasle Delivcrcd

2. Processible Waste Processed (tons)
3. Bypass Waste {tons)
4. Nonp@e$jble Waste (tons)
5. Ash ceneraton (tons)

6. Ferous Recovered (tons)
7. Non-Ferous Recovered (tons)
L Aggregate Re@vered (tons)

9. Ash Disposal (tons)
10. Ash Disposal as a percentage of Waste processed

Enerqv Revenues
1'l. Gross Electri€l Rale (kwh/lon)
12. Net Electri€l Rate (kwh/ton)

13. Net Electricl Generation (mwh/yr)
1 4. Capacity Factor Achieved
15. Electri€l Capacity Fee (g/Mwmo.)

16 Flfftriml Capacity Revenues (9000'6)
'17. Average Electri€l Energy($/kwh)

18. Electri€l Energy Revenues (9000s)
'19. Green Lnergy Credits ($/kwh)

20. Green Energy Revenues ($000s)
21. Total Energy Revenues (9000s)

22. Operator Energy Revenue Share ($000s)

Olher Material Reveruct
23. Rerovered Feilrrrs lvlarlel Prir:e ($/tLtrl)

24. Recovered Ferrous Revenues ($000's)
25. Recovered Non-Ferrcus Market Price ($/ton)

25. Recovered Non-Ferrcus Revenues ($000's)
26. Recovered Aggregate Market Price ($/ton)

27. Re@vered Aggregate Revenues ($000's)
28. Total Other fiIaterial Revenues (9000's)
29. Operator Material Revenue Share ($000s)

Other Revenues
30. Non-County Waste Accepted (tons)

31. Non-County Waste Tip Fee (giton)
32. Non-County Wasle Revenues (9000's)

33. Subtotal County Rcvcnues
Revenues per ton (g/ton)

Countv Expenses
34. Ease O&N,4 Fee ($000s/yr)

35. Excess O&N,4 Fee (g/ton)
36. Excess O&M Cost (9000's)

37. Consumable Cosls
38. Pebble Lime Unit Cost ($/ton wasle)
39. Pebble Lime Usage Cost ($000s)
40. Ammonium Hydrcxide Unit Cost ($/ton waste)
41. Ammonium Hydrcxide Usage Cost (9000)
4?. Corbon UnitPri@($/ton)

44.

48. Ash Disposal Fee ($/ton)
49. Ash Disposal Expenses ($000's)

50. Other Expenses ($000's)
51. Utilaties Pass Through ($/ton)
52. Utilities Pass Throush ($000's)
53. Haul Cost to WTE Facility (g/ton)
g. Haul Cost to WTE Facility (9000's)
55. Bypass Waste Dlsposal ($000's)

56. Subtotal Expenses ($000's)
Expenses per ton (g/ton)

FACILITY EXPENSES LESS REVENUES (9000's)
NET O&[,1 COST PER TON OF WASTE

Amortized Annual lnitial Capital Cost ($000's)
Amortized lnitial Capital Cost Per Ton of Waste
Amortized Annual Expansion Cost (9000's)
Amortized Expansion Cost Per Ton of Waste
Total Amortized Capital Cost ($000's)

$86,333
$64.75
$0.00
$0.00

$86,333

$86,333
$64.75
$0.00
$0.00

$86,333

$86,333
$64.75
$0.00
$0.00

$86,333

$86,333
$64.75
$0.00
$0.00

$86,333

$86,333
$64.75

$13,356.47
$40.07

$99,689

$86,333
$64.75

$13,356.47
$40.07

$99,689

$86,333
$51.80

$13,356
$40.07

$99,689

7

2037

10

2038

1'l

2039

12

2040

13

'1,333,333

1,333,333
5,000

45,925
377,333
55,468
5,547

21 5,080
101,239
7.590/o

N/A
NiA

$44,8S6

675
600

800,000
N/A

$0
$0

$0.03B3
$30,616
$0.0000

$0
$30,616

$0

$143.29
$7,948
$836

$4,636
$0
$0

$12,584
N/A

67,129
$41.79
$2,805

$46,006
$34.50

$4.74
$6,324
$0.41

$54B
$0.43
s575

$1,014
$109.82
$5,043
90.72

$9,1 84

$1.95
$2,597
$22.08

$27,953
$454

$92,530
$69.40

$46,524
$34.8S

1,333,333
1,333,333

5,000
46,718

377,333
55,468
5,547

21 5,080
101,239
7.590/o

NiA

$46,243

$4.89
$6,513
$0.42
$564
$0.44
$592

675
600

800,000

$0
$0

$0.0388
$31,076
$0.0000

$0
$31,076

$0

$14l.58
$8,186
$861

$4,775
$0
$0

$12,962

45,239
$43.05
$1,947

$45,985
$34.49

$1,062
$1'13.12

$5,285
93.44

$9,460

$2.01

$2,675
$22.74

$29,290
$467

$95,804
$71.85

$49,819
$37.36

1,333,333
1,333,333

5,000
47,526

377,333
55,468
5,547

215,080
101,239
7.59%

$47,630

676
600

800,000

$0

90
$0.0394
$31,542
$0.0000

$0
$31.U2

$0

$162.01

$8,432
$887

$4,919
$0
$0

$'13,350
NiA

22,971
$44.34
$1,018

$45,91 1

$34.43

$5.03
$6,709
$0.44
$58l
$0.46
$610

$1,113
$116.51

$5,537
96.25

$9,744

$2.07
$2,755
$23.42

$30,690
$481

$99,199
$74.40

$53,289
$39.97

1,333,333
1,333,333

5,000
48,348

377,333
55,468
5,547

215,080
101,239
7.59%

$102,722
$77.04

N/A
N/A

$49,059

675
600

800,000
N/A

$0
s0

$0.0400
$32,015
$0.0000

$0
$32.015

$o

95.18
$6,910
$0.45
$5SB

$0.4i
$628

$'156.57

$8,685
$913

$5,066
$0
$0

$1 3,751

N/A

318
$45.67

$15

1i45,/8U
$34.34

$1,1 66
$120.00
$5,B02
99.13

$10,036

$2.13
$2,838
$24.12

$32,157
$496

$56,942
$42.71

1,333,333
1,333,333

5,000
49,184

377,333
55,468
5,547

215,080
101,239
7.590/0

$105,811
$79.36

$50,531

675
600

800,000
N/A

$0
$0

$0.0406
$32,495
$0.0000

$0
$32,495

$0

$1a1.27
$8,945
$941

$5,218
$0
$0

$14,163
N/A

$5.34
$7,117
$0.46
$616
li{J.49

$647

0
$47.04

$0

$46,659
$34.99

$1,222
$123.60
$6,079
102.11

$10,337

$2.19
$2,923
$24.85

$33,1 30
$51 1

$59,153
$44.36

1,333,333
1,333,333

5,000
50,034

377,333
55,468
5,U7

215,080
101,239
7.590/"

$1 08,986
$81.74

NiA
N/A

$48.45
$0

$52,046

475
600

800,000
N/A
$0
$0

$0.0412
$32,983
$0.0000

$0
$32,983

$0

$1 00.1 1

$9,214
$969

$5,375
$0
$0

$14,588
N/A

$47,571
$35.68

$5.50
$7,331
$0.48
$635
$0.50
$667

$1,280
$127.31

$6,370
105.1 7

$10,647

$2.26
$3,01 1

$25.59
$34,123

$526

$61,415
$46.06

1,686,667
1,666,667

5,000
50,899
471,667
69,335
6,S34

268,850
'126,548

7.590/0

475
600

1,000,000
N/A

$o
$0

$0.0418
$41,847
$0.0000

$0
$41,847

$o

$126,347
$75.81

$171.09
$1 1,863

$998
$6,920

$o
$0

$18,782
N/A

263,316
$49.S0

$13,140

$73,769
$44.26

$60,1 I 4
N/A

$5.66
$9,439
$0.49
$817
$0.51

$858

$1,342
$1 31.1 3
$6,674
108.32

913,708

$2.33
$3,876
$26.36

$36,993
$542

$52,578
$31.55

Net Facility Cost
Net Facility Cost

($000's)
Per Ton of Waste ($/ton)

$132,857
$9S.64

$136,152
$102.t 1

$139,622
$104.72

$143,274
$107.46

$'158,842
$119.13

$1 61,104
$120.83

$152,267
$91.36

WEtsK
Disposal by Rail Capital Cost IMF ($/ton)
Disposal by Rail Haul to IMF Cost ($/ton)
Disposal By Rail less Capital and Hauling to lN,4F (giton)
Disposal By Rail less Hauling to IMF ($/ton)
Disposal By Rail ($/ton)

Disposal Tonnage Required
Disposal By Rail ($000's)

Differenco betwoen WTE and Rail Di€pooal (cost pcr ton)
Difference between WTE and Rail Disposat ($000's)

$4.37
$22.0B
$87.74
$92.12

$114.19

$4.37
$22.74
$90.38
$94.75

$117.49

$4.37
$23.42
$93.09
$97.46

$120.88

$4.37
$24.12
$95.88

$100.25
$124.38

$0.00
$24.85
$98.76
$98.76

$1 23.60

$0.00
$25.59
sl01.72
$101.72
$127.31

90.00
$26.36

$104.77
$104.77
$1 31.1 3

1,266,204
$144,591

't,288,094

s151,334

'1,31 0,362
$158,397

1,333,0'15

$165,794
1,356,060
$167,615

1,379,503
$1 75,628 $184,024

(415.37)

14,15 182)
(4i 1 0.1 {j)

lS18.ttS)
(56.48)

lsl 4 s2 4)

Year

(ir14.55)
(s1 1.733)
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\fl rci"sCounty

FACILITY EXPENSES LESS REVENUES ($OOO.S)

NET O&M COST PER TON OF WASTE

King County Solid Waste Division
Waste to Energy Feasibility Study

Operations and Maintenance
2041 2042 2043

16

€&ARCJ\DIS
Waste to Energy Option - O&M Cost Eslimate

ECONOMIC EVALUATION

Waste Processinq
1. Processible Waste Delivered

2. Processible Waste Processed (lons)

3 Bypass Waste (tons)

4. .Nonpme$ible Waste (tom)
5. Ash Generation (tons)

6. Ferous Re@vered (tons)
7. Non-Fenous Recovered (tons)

B. Aggregate Recovered (tons)
9. Ash Disposal (tons)
'10. Ash Disposal as a percentage ofWaste Prccessed

Enerqv Revenues
11. Grcss Electri€l Rate (kwh/ton)
12. Net Electrical Rate (kwh/ton)

13. Net Electical Generation (mwh/yr)
'14. Capacity Factor Achieved
15. Electri€l Capacity Fee ($/MWmo.)

16. Electri€l Capacity Revenues ($000's)

17. Average Electrical Energy ($/kwh)
18. Electri€l Energy Revenues ($000s)

19. Green Energy Credits ($/kwh)
20. Green Energy Revenus ($000s)
21. Total Energy Revenues ($000s)

22. Operator Energy Revenue Share ($000s)

Oth er M ateri al Reven u e s
23. Recovered Ferrcus Market Price ($/ton)

24. Re@vered Ferrous Revenues ($000's)
25. Re@vered Non-Ferous Market Price ($/ton)

25. Re@vered Non-Ferrous Revenues ($000's)
26. Re@vered Aggregate Market Price ($/ton)

27. Re@vered Aggregate Revenues ($000's)
28. Total Other Material Revenues ($000's)
29. Operator Nlaterial Revenue Share ($000s)

Other Revenues
30. Non-County Waste Accepted (tons)

31. Non-County Waste Tip Fee ($/ton)

32. Non-County Waste Revenues ($000's)

33. Subtotal Counly Revenues
Revenues per ton ($/ton)

Countu ExDenses
34. Base O&M Fee ($000s/yr)

35. Excess O&M Fee ($iton)

36. Excess O&M Cost($000's)
37. Consumable Costs

38. Pebble Lime Unit Cost ($/ton waste)
39. Pebble Llme Usage Cost ($000s)
40. Ammonium Hydroxide Unit Cost ($/ton waste)
41 . Ammonium Hydroxide Usage Cost ($000)
42. Carbon Unit Price ($/ton)
43. Carbon Costs

Waste
($ooo's)

46. W6te
47 PffiibloWste induding

48. Ash Disposal Fee ($/ton)
49. Ash Disposal Expenses ($000's)

50. Other Expenses ($000's)

51. Utilities PassThrcugh($/ton)
52. Utililies Pass Thrcugh ($000's)

53. Haul Cost to WTE Facility ($iton)
54. Haul Cost to WTE Facility ($000's)
55. Bypass Waste Disposal ($000's)

56. Subtotal Expenses ($000's)
Expenses per ton ($/ton)

2044

17

2045

18

2046

19

2047

20

44.

Amortized Annual lnitial Capital Cost ($000's)
Amortized lnitial Capital Cost Per Ton of Waste
Amortized Annual Expansion Cost ($000's)
Amortized Expansion Cost Per Ton of Waste
Total Amortized Capital Cost ($000's)

$86,333
$51.80

$1 3,356
$40.07

$99,689

$86,333
$51.80

$13,356
$40.07

$99,68S

$86,333
$51.80

$13,356
$40.07

$99,689

$86,333
$51.80

$13,356
$40.07

$99,689

$86,333
$51.80

$13,356
$40.07

$99,689

$86,333
$51.80

$13,356
$40.07

$99,689

$86,333
$51.80
$13,356
$40.07

$99,689

1,666,667
1,666,667

5,000
51,774

471,667
69,335
6,934

268,850
126,U8
7.590

675
600

1,000,000
N/A
$0
$o

$0.0438
$43,758
$0.0000

$o
$43,758

$o

$'r38,758
$83.25

N/A
$65,688

$186.96
$12,963
$1,091
$7,562

$0
$0

$20,524
N/A

239,181
$54.53

$'13,042

$77,325
$46.39

$6.19
$1 0,314

$0.54
$893
$0.56
$938

$1,491
$143.29
97,419
118.37

$14,979

$2.54
$4,236
$28.B0

$41,'1 1B

$592

$61,433
$36.86

1,666,667
1,666,667

5,000
52,069
471,667

69,335
6,934

268,850
126,U8
7.59o/o

675
600

1,000,000

$o
$0

$0.0444
$44,414
$0.0000

$0
$44,414

$o

s143,162
$85.90

NiA
$67,658

$192.56
$13,351

$1,123
$7,788

$0
$o

$2'1,140

231,O45
$56.16

$12,977

$78,531

$47.12

$6.37
$10,623

$0.55
$920
$0.58
$966

$1,545
$147.59
$7,685
121.92

$15,429

$2.62
$4,363
$29.67

$42,593
$610

$64,631

$38.78

1,666,667
1,666,667

5,000
52,366
471,667
69,335
6,934

268,850
126,U4
7.59o/o

675
600

1,000,000

$0
$0

$0.0451
$45,081
$0.0000

$0
$45,081

$o

$147,707
$88.62

NiA
$69,688

$198.34
$13,752
$1,157
$8,O22

$0
$0

$21,774
N/A

222,462
$57.85

$12,892

$79,747
$47.85

$6.57
$10,942

$0.57
$947
90.60
$995

$1,600
$152.02
$7,961
125.8

$15,892

$2.70
$4,493
$30.56

$44,121
$628

$67,959
$40.78

1,666,667
1,666,667

5,000
52,664
471,667

69,335
6,934

268,850
126,548
7.590/0

675
600

1,000,000
N/A
$o
$0

$0.0458
$45,757
$0.0000

$0
$45,757

$0

$152,397
$91.44

N/A
N/A

$71,779

$204.29
$1 4,165

$r,192
$8,263

$0
$o

$22,427
N/A

214,632

$59.59
$12,789

$80,973
$48.58

$6.76
$11,270

$0.59
$976
$0.61

$1,025

$1,658
$156.58
$8,246
129.35

$1 6,368

$2.78
$4,628
$31.48

$45,704
$647

$71,424
$42.8s

1,666,667

1,666,667

5,000

52,965
471,667

69,335
6,934

268,850
126,U8
7.59%

675
600

r,000,000
N/A

$0

$o

$0.0464

$46,443
$0.0000

$0

$46,443
$0

$1,717
$16'1.28

$8,542
133.23

$16,860

$157,237
$94.34

$73,932

$210.42

$14,590
$1,227
$8,511

$o

$0

$23, r00

206,355
$61.37

$12,665

$82,208
$49.32

$6.96
$1 1,608

$0.60
$1,005
$0.63

$1,055

$2.86
$4,767
$32.42

$47,343
$666

$75,029
$45.02

1,666,667
1,666,667

5,000
51,1 89

471,667
69,335
6,934

268,850
126,544
7.590

675
600

1,000,000
NiA
$0
$o

$0.0425
s42,474
$0.0000

$o
$42,474

$0

$130,354
$78.21

7$61,91

NiA

$176.22
$12.218
$1,028
$7,127

$0
$o

$19,346

255,317
$51.40

$1 3,123

$74,943
$44.97

s5.83
$9,722
$0.51

$842
$0.53
$884

$1,390
$135.07
$6,914
111.57

$14,120

$2.40
$3,992
$27.15

$38,320
$558

$55,41 1

$33.25

1,666,667
'1,666,667

5,000
51,481

471,667
69,335
6,934

268,850
126,548
7.590

675
600

1,000,000
N/A
$0
$0

$0.0431
$43,1 1 1

$0.0000
$0

$43,1 1 1

$0

$134,490
$80.69

N/A
$63,775

$181.51
$12,585
$1,059
$7,341

$o
$0

$19,926

247,272
$52.94

$1 3,091

$76,129
$45.68

$6.01

$10,013
$0.52
$867
$0.55
$910

$1,440
$139.12
$7j62
114.92

$14,543

$2.47
$4,112
s27.97

$39,694
$575

$58,361
$35.02

Net Facility Cost ($000's)
Net Facility Cost Per Ton of Waste ($/ton)

$155,100
$93.06

$158,051
$94.83

$161,122
s96.67

$164,320
$98.59

$167,649
$100.59

$1 71,1'13

$102.67
$174,718
$104.83

Disposal by Rail Capital Cost lN/F ($/ton)
Disposal by Rail Haul to IMF Cost ($/ton)
Disposal By Rail less Capital and Hauling to IMF ($/ton)
Disposal By Rail less Hauling to lN/F ($/ton)
Disposal By Rail ($/ton)

Disposal Tonnage Required
Disposal By Rail ($000's)

Difference between WTE and Rail Disposal (cost per ton)
Difference between WTE and Rail Disposal ($000's)

$0.00
s27 15

$1 07.91

$107.9'1

$1 35.07

$0.00
927.97

$1'1'!.15
s111.15
$139.12

$0.00
$28.80

$114.49
$114.49
$143.29

$0.00
$29.67

s1 17.92

$117.92
$147.59

$0.00
$30.56

$121.46
$121.46
$'152.02

$0.00
$31.48

$125.10
$125.10
$1 56.58

$0.00
$32.42

$128.86
$128.86
$161.28

'1,411,350

s190,626
1,419,395
$197,464

1,427,485
s204,547

1,435,622
$21 1,884

'1,443,805

$219,485
1,452,035
$227,358

1,460,31 1

$235,513

\s44 29)

l\:',,41:t)
(:42 u tj

l:,:i:) aza\
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\fl ri"s County
King County Solid Waste Division
Waste to Energy Feasibility Study

Operations and Maintenance
2048 2049 2050

ffiARCADIS
Waste to Energy Option - O&M Cost Estimate

ECONOMIC EVALUATION

Waste Prccessina
'1 Proccssihle Waste Delivered

2. Processible Waste Processed (tons)
3 Bypass Waste (tons)
4. Nonpme$ible Waste (toN)
5. Ash Generation (tons)

6. Ferous Recovered (tons)
7. Non-Ferous Recovered (tons)
8. Aggregate Recovered (tons)

L Ash Disposal (tons)
1 0. Ash Disposal as a percentage of Waste prccessed

Enerov Revenues
11 Gross Flcclri.al Rale (kwh/ton)
12. Net Electri€l Rate(kwh/ton)

13. Net Electri@l Generation (mwh/yr)
1 4. Capacity Factor Achieved
'15. Electri€l Capacity Fee ($/MW/mo.)

16. Eleckical Capacity R€venue6 ($000'o)
17. Average Electri@l Energy ($/kwh)

1 B. Electri€l Energy Revenues ($000s)
19. Green Energy Credits ($ikwh)

20. Green Energy Revenues (9000s)
21. Total Energy Revenues (9000s)

22. Operator Energy Revenue Share ($000s)

Othcr Maleilal Rcvcilrcs
23 Rcrx'vHrcrl Fcrftls N,larket Pdce ($/ton)

24. Recovered Ferrous Revenues (9000's)
25. Recovered Non-Ferrcus Market Price (g/ton)

25. Recovered Non-Ferrous Revenues (S000's)
26. Remvered Aggregate l\4arket Price ($/ton)

27. Recovered Aggregate Revenues (9000's)
28. Total Other N/aterial Revenues ($000's)
29. Operator Material Revenue Share ($000s)

Other Revenues
30. Non-County Waste Accepted (tons)

31 . Non-County Waste Tip Fee (g/ton)
32. Non-County Waste Revenues ($000's)

33. Subtotal Courrty Revetr!es
Revenues per ton ($/ton)

Countv Expenses
34. Ease O&M Fee ($000s/yr)

35. Excess O&M Fee ($/ton)
36. Excess O&M Cost($000's)

37. Consumable Costs
38. Pebble Lime Unit Cost (g/ion waste)
39. Pebble Lime LjsageCost($000s)
40. Ammonium Hydrcxide LJnit Cost ($/ton waste)
41 . Ammonium Hydrcxide Usage Cost ($000)
42. Carbon UnitPri@ ($/ton)

21

2051

24

2052

25 26

2054

27

44.

46. Noo:PDcsible Wste WEBR
47. Non Preesible Wste WEBR

48. Ash Disposal Fee ($/ton)
49. Ash Disposal Expenses ($000's)

50. OtherExpenses ($000's)

51. Utilities PassThrouqh ($/ton)

52. Utilities Pass Through ($000's)
53. Haul Cost to WTE Facility ($iton)
g. Haul Cost to WTE Facility ($000's)
55. Bypass Waste Djsposal ($000's)

56. Sublotal Expenses ($000's)
Expenses per ton ($/ton)

FACILITY EXPENSES LESS REVENUES ($000's)
NET O&M COST PER TON OF WASTE

Amortized Annual lnitial Capital Cost ($000's)
Amortized lnitial Capital Cost Per Ton of Waste
Amortized Annual Expansion Cost ($000's)
Amortized Expansion Cost Per Ton of Waste
Total Amortized Capital Cost ($000's)

$86,333
$51.80

$13,356
$40.07

$99,689

$86,333
$51.B0

$1 3,356
$40.07

$99,689

$86,333
$51.80

$13,356
$40.07

$99,689

$86,333
$51.80

$13,356
$40.07

$99,689

$86,333
$51.80

$'r3,356
$40.07

$99,689

$86,333
$51.80

$13,356
$40.07

$99,689

$86,333
$51.80

$13,356
$40.07

$99,689

1,666,667
1,666,667

5,000
53,267
471,667
69,335
6,934

268,850
126,548
7.590/.

675
600

1,000,000

$0
$0

$0.0471
$47,140
$0.0000

$0
$47,140

$0

$16?,?32
$97.34

N/A

$76, 150

{r21 ti. /3
$15,027
$'1,264

$8,766
$o
$0

$23,793
N/A

198,032
$63.21

$12,518

$83,45r
$50.07

$7.17
$'11,957

$0.62
$1,035
$0.85

$1,087

$1,779
$166.11
$B,84B
137.22

$17,365

$2.95
$4,910
$33.39

$49,041

$686

$78,781
$47.27

1,666,667
1,666,667

5,000
53,570
471,667

69,335
6,934

268,850
126,y8
7.59%

675
600

1,000,000
N/A

$0
$0

$0.0478
$47,847
$0.0000

$0

$47,847
$0

$1 67,387
$100.43

N/A
N/A

$78,435

!ir23.24

$15,478
$'1,302

$9,029
$0
$0

$24,507
N/A

189,660
$65.'11

$12,349

$84,703
$50.82

$7.3S

$12,315
$0.64

$1,066
$0.67

$1,120

$1,843
$171.10
$9,166
141.34

$17,886

$3.03
$5,057
$34.39

$50,801

$707

$82,684
$49.61

1,666,667
1,666,667

5,000
53,876
471,667

69,335
6,S34

268,850
126,U8
7.590/0

676
600

1,000,000
N/A

$0

$0

$0.0486
$48,565
$0.0000

$0

$48,565
$0

$1,S09

$176.23
$9,495
145.58

$18,423

$172,707
$103.62

N/A
$BO,7BB

$:l:lu.u3
$15,942
$1,341

$9,300
$0
$0

$25,242
N/A

181,241

$67.06
$12,155

$85,962
$51.58

$7.61

$12,685
$0.66

$1,098
$0.69

$1,153

$3.13
$5,209
$35.43

$52,623
$728

$86,745
$52.05

1,666,667
1,666,667

5,000
54,'183

471,667
69,335
6,934

268,850
126,548
7.590/0

600
1,000,000

N/A

$0
$0

$0.0493
$49,293
$0.0000

$o
$49,293

$0

$'178,197

$106.92

$83,21'1

$236.83
$'16,421

$1,382
$9,579

$0
$0

$25,999
N/A

172,775
$69.08

$1 1,934

$a/,22t
$52.34

$7.84
$'13,065

$0.68
$1,1 31

$0.7'l
sr,188

$1,977
$181.52
$9,835
149.95

$18,976

$3.22
$5,365
$36.49

$54,51 I
$750

$90,970
$54.58

1,666,667
1,666,667

5,000
54,491

471,667
69,335
6,934

268,850
126,98
7.59%

675
600

1,000,000

$o
$0

$0.0500
$50,033
$0.0000

$0
s50.033

$o

$1 83,863
$110.32

N/A
$85,708

9243.04
$16,913
$'1,423
$9,866

$o
$0

$26,779
N/A

164,259

$71.15
$1 1,687

$88,499
$53.10

$8.07
$1 3,457

$0.70
$1,1 65

$0./3
$1,224

$2,048
$1 86.96
$'10,188
154.45

$1 9,545

$3.32
$5,526
$37.58

$56,466
s772

$95,364
$57.22

1,e00,c07
1,666,667

5,000
54,802

471,667
69,335
6,934

268,850
126,548
7.59o/o

675
600

1,000,000
N/A
$0
s0

$0.0508
$50,783
$0.0000

$0
$50,783

$0

$189,710
$1 13.83

s88,27S

$251.25
$17,421
$1,466

$'10,162

$0
$0

$27,583
N/A

155,696
$73.2B

$1 1,410

$8C,776
$53.87

$8.32
$'13,861

$0.72
$1,200
$u./ti
$'1,260

$2,121
$192.57
$10,553
159.08

$20,131

$3.42
$5,692
$38.71

$58,491
$795

$99,935
$59.96

I,000,c07
'1,666,667

5,000
55,114

471,667
69,335
6,934

268,850
126,548
7.590

e75
600

1,000,000
N/A
$0
$o

$0.0515
$51,545
$0.0000

$0
$51,545

$0

$2,1 98
$1 98.35
$10,932
163.85

$20,735

$106,746
$117.45

$104,688
$62.81

NiA
N/A

$90,927

$258.79
$17,943
$1,510

$'10,467

$0
$o

s28,410
N/A

't47,083

$75.48
$1 I,102

$91,057
$54.63

$8.57
$14,277

$0.74
$1,236
!i0.78

$1,298

$3.52
$5,863
$39.87

$60,589
$819

Net Facility Cost ($000's)
Net Facility Cost Per Ton of Waste ($/ton)

$178,470
$107.08

$182,374
$109.42

$186,435
$111.86

$190,659
$ 1 14.40

$195,054
$1 17.03

5'199,624
$1 19.77

$204,377
$122.63

Disposal
Disposal
Disposal
Disposal
Disposal

Disposal Tonnage Required
Disposal By Rail ($000's)

Difforonco botwoon WTE ond Rail Disposal (cost per ton)
Difference between WTE and Rail Disposal (9000's)

$0.00
$33.39

s132.72
$132.72
$1 66.1 1

$0.00
$34.39

$136.70
$136.70
$171.10

$0.00
$35.43

$140.80
$140.80
$176.23

$0.00
$36.49

$145.03
$145.03
$181.52

$0.00
$37.58

$149.38
$149.3B
$1 86.S6

$0.00
$38.71

$153.86
$153.86
$192.57

$0.00
$39.87

$158.48
$158.48
$1 98.35

by Rail Capital Cost IMF ($/ton)
by Rail Haul to lN,1F Cost ($/ton)
By Rail less Capital and Hauling to IMF ($/ton)
By Rail less Hauling to lN.4F ($/ton)
By Rail ($/ton)

1,468,635
$243,961

1,477,006
$252,712

1,485,425
$261,777

1,493,892
$271.168

1,502.407
$280,895

1,510,971
$290,97'i

1,519,584
$301,408

(s01 07)
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\fl rci"sCounty King County Solid Waste Division
Waste to Energy Feasibility Study

Operations and Maintenance
2055 2056 2057

28 29 30

@ARCADIS
Waste to Energy Option - O&M Cost Estimate

ECONOMIC EVALUATION

Wasle Processinq
'1. Processible Waste Delivered

2. Processible Waste Processed (tons)
3. Bypass Waste (tons)

4. Nonprcesible Waste (tons)

5. Ash Generalion (tons)
6. Ferous Re@vered (tons)
7. Non-Ferous Recovered (tons)

L Aggregate Recovered (tons)

9. Ash Disposal (tons)
10. Ash Disposal as a percentage of Waste Processed

Enerqv Revenues
11. Grcss Electri€l Rate (kwh/ton)
12. Net Electri€l Rate (kwh/ton)

'13. Net Eleclri€l Generation (mwh/yr)
14. Capacity FactorAchieved
'15. Electri€l Capacity Fee ($/MW/mo.)

1 6. Electri€l Capacity Revenues ($000's)

17. Average Electri€l Energy ($/kwh)
18. Electrial Energy Revenues ($000s)

19. Green Energy Credits ($ikwh)
20. Green Energy Revenues ($000s)
21. Total EnergyRevenues ($000s)

22. Operator EnergyRevenue Share ($000s)

Other Material Revenues
23. Recovered Ferrcus Market Pdce ($/ton)

24. Re@vered Ferrous Revenues ($000's)
25. Recovered Non-Ferous Market Price ($/ton)

25. Recovered Non-Ferrous Revenues ($000's)

26. Recovered Aggregate Market Prjce ($/ton)
27. Recovered Aggregate Revenues ($000's)
28. Total Other l\rlaterial Revenues ($000's)
29. Operator lvlaterial Revenue Share ($000s)

Other Revenues
30. Non-County Waste Accepted (tons)

31. Non-County Waste Tip Fee ($/ton)

32. Non-County Waste Revenues ($000's)

33. Subtotal County Revenues
Revenues per ton ($/ton)

Countv Expenses
34. Base O&N/ Fee ($000s/yr)

35. Excess O&M Fee ($/ton)
36. Excess O&M Cost($000's)

37 Consumable Costs
38. Pebble Lime Unit Cost ($/ton waste)
39. Pebble Lime Usage Cost ($000s)

40. Ammonium Hydroxide Unit Cost ($/ton waste)
41. Ammonium Hydrcxide Usage Cost ($000)

42. Carbon Unit Price ($/ton)
43. Carbon Usage Cosls (S000s)

44. Nonpme$ible Waste
45. Nonprce$ible Waste.Hsul Cost to WiIE ($000's)
46. Non P@$ible Waste WEBR Oisposal induding Haul
47. Non Preible Wtrte WEBR Oisposal induding Flaul

48. Ash Disposal Fee ($/ton)

49. Ash Disposal Expenses ($000's)
50. Other Expenses ($000's)

51. Utilities Pass Through (S/ton)

52. Utiliijes Pass Thrcugh ($000's)

53. Haul Costto WTE Facility($iton)
g. Haul Cost to WTE Facility ($000's)
55. Bypass Waste Disposal ($000's)

56. Subtotal Expenses ($000's)
Expenses per ton ($/ton)

2058 2059 2060 2061

FACILITY EXPENSES LESS REVENUES ($000's)

NET O&M COST PER TON OF WASTE

Amortized Annual lnilial Capital Cost ($000's)
Amortized lnitial Capital Cost Per Ton of Waste
Amorlized Annual Expansion Cost ($000's)
Amortized Expansion Cost Per Ton of Waste
Total Amortized Capital Cost ($000's)

s86,333
$51.80

$13,356
$40.07

$99,689

$86,333
$51.80

$13,356
$40.07

$99,689

$86,333
$51.80

$13,356
$40.07

$99,689

$0
$0.00

$13,356
$40.07

$13,356

$0
$0.00

$13,356
$40.07

$1 3,356

$0
$0.00

$13,356
$40.07

$13,356

$0
$0.00

$13,356
$40.07

$13,356

1,666,667
1,666,667

5,000
55,429

471,667
69,335
6,934

268,850
126,548
7.59%

675
600

1,000,000
N/A

$0
$0

$0.0523
$52,318
$0.0000

$0
$52,318

$0

$B.82
$14,705

$0.76
$1,273
$0.80

$1,337

$2,276
$204.30
$11,324
168.77

$21,357

$3.62
$6,039
$41.07

$62,763
$844

$201,973
$121.18

$'109,631

$65.78

$93,655

$266.55
$'rB,482
$1,555

$10,781

$0
$0

$29,262
N/A

134,421

$77.75
$10,762

$92,342
$55.41

1,666,667
1,666,667

5,000
55,745

471,667
69,335
6,934

268,850
126,U8
7.sgok

675
600

1,000,000
N/A
$0
$o

$0.0531
$53,103
$0.0000

$o
$53,1 03

$0

$274.55
$19,036
$1,602

$1 1,104

$o
$0

$30,140

129,710
$80.08

$1 0,387

$93,630
$56.18

$96,465

$9.09
$1 5,146

$0.79
$1,311

$0.83
$1,377

$2,358
$2'10.43

$1 1,730
173.83

$21,998

$208,401
$125.04

$114,771
$68.86

N/A

$3.73
$6,220
$42.30

$65,014
$869

'1,666,667

'1,666,667

5,000
56,062
471,667
69,335
6,934

268,850
126,U8
7.590/0

675
600

1,000,000
N/A

$o
$0

$0.0539
$53,899
$0.0000

$0
$53,899

$0

$215,035
$129.02

$120,115
$72.07

N/A
$99,359

$282.79
$19,607
$1,650

$1 1,437

$0
$o

$31,045
N/A

't20,950

$82.48
$9,976

$94,920
$56.95

$9.36
$1 5,601

$0.81

$1,351

$0.85
$1,418

$2,443
$216.74
$12,151
179.04

$22,658

$3.84
$6,407
$43.57

$67,346
$895

1,666,667
1,666,667

5,000
56,382
471,667
69,335
6,934

268,850
126,548
7.59yo

675
600

1,000,000
N/A

$0
$0

$0.0547
$54,708
$0.0000

$0
$54,708

$0

$102,339

$221,881
$133.13

$125,671
$75.40

N/A
N/A

$291.27
$20,1S5
$1,699

$11,781
$0
$0

$31,976

112,139
$84.95
$9,527

$96,2'10

$57.73

$s.64
$1 6,069

$0.83
$1,3S1

$0.88
$1,461

$2,530
$223.24
$12,87
184.42

$23,338

$3.96
$6,599
$44.88

$69,762
$922

1,666,667
1,666,667

5,000
56,703

47 1,667

69,335
6,934

268,850
126,U8
7.590/0

675
600

1,000,000
NiA

$0
$0

$0.0555
$55,528
$0.0000

$0
$55,528

$0

$4.08
$6,797
$46.22

$72,265
$950

$228,947
$1 37.37

$131,446
$78.87

NiA
$105,41

$300.01
$20,801
$1,750

$12,134
$0
$0

$32,935
N/A

103,274
$87.50
$9,037

$97,501

$58.50

$9.93
$16,551

$0.86
$1,433
$0.90

$1,505

$2,621
$229.S4
$'13,038
18S.95

$24,038

1,666,667
1,666,667

5,000
57,026

471,667
69,335
6,934

268,850
126,548
7.590/0

675
600

'1,000,000

N/A

$0
$0

$0.0564
$56,361

$0.0000
$0

$56,361

$0

$98,790
$59.27

$r08,572

$2,715
$236.84
$13,506
195.65

$24,759

$236,240
$t41.74

$137,450
$82.47

N/A

$309.01

$21,425
$1,803

$12,498
$o
$0

$33,923

94,367
$s0.13
$8,505

$10.23
$17,047

$0.8s
$1,476
$0.93

$1,550

$4.20
$7,001

$47.61

$74,857
$978

1,666,667
1,666,667

5,000
57,351

471,667

69,335
6,934

268,850
126,544
7.590

675
600

1,000,000
NiA
$o
$o

$0.0572
$57,207
$0.0000

$0
$57,207

$o

$100,076
$60.05

$2,812
$243.94
$13,991
201.52

$25,502

s243,766
$146.26

$143,690
$86.21

1 1,829$1

$318.28
$22,068
$1,857
$12,873

$0
$0

$34,941
N/A

85,405
$92.83
$7,928

$10.54
$1 7,559

$0.91

$1,520
$0.s6

$1,597

$4.33
$7 ,211

$49.04
$77,542
$1,008

Net Facility Cost ($000's)
Net Facility Cost Per Ton of Waste ($iton)

$209,320
$125.59

$214,460
$128.68

$219,804
$131.88

$1 39,027
$83.42

$144,803
$86.88

$1 50,806
$90.48

$1 57,047

$94.23

WEEK
Disposal by Rail Capital Cost IMF ($/ton)
Dlsposal by Rail Haul to IMF Cost ($/ton)
Disposal By Rail less Capital and Hauling to IMF ($/ton)
Disposal By Rail less Hauling to IMF ($/ton)
Disposal By Rail ($/ton)

Disposal Tonnage Required
Disposal By Rail ($000's)

Difference between WTE and Rail Disposal (cost per ton)
Difference between WTE and Rail Disposal ($000's)

$0.00
$43.57

$173.17
s173.17
$216.74

$0.00
$44.88

$178.37
$178.37
$223.24

$0.00
$46.22

$183.72
$183.72
$229.94

$0.00
$47.61

$189.23
$1 89.23
$236.84

$0.00
$49.04

$1 94.91

$194.91

$243.94

$0.00
$41.07

$1 63.23
$1 63.23
$204.30

$0.00
$42.30

$r 68.'13

$168.'13

$210.43

1,528,245
$312,220

1,536,956
$323,420

1,545,717
$335,021

1,554,527
$347,039

1,563,388
$359,487

1,572,300
$372,382

1,581,262
$385,740

(:rll 75)
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\fl rci"s County King County Solid Waste Division
Waste to Energy Feasibility Study

Operations and Maintenance
2062 2063 2064

37

f;F'+I\RCADIS
Waste to Energy Option - O&M Cost Estimate

ECONOMIC EVALUATION

Waste Prccessinq
I Processihle Waste Delivered

2. Processible Waste Processed (tons)
3. Bypass Waste (tons)
4. Nonpmesible Wasle (tons)
5. Ash Generation (tons)

6. Ferous Recovered (tons)
7. Non-Ferous Re@vered (tons)
8. Aggregate Recovered (tons)

g. Ash Disposal (tons)
1 0. Ash Disposal as a percentage of Waste Processed

Enetqv Revenues
11 Gmss Electriml Rate (kwh/ton)
12. Net Electrical Rate (kwh/ton)

'13. Net Electrical Generation (mwh/yr)
'14. Capacity Faclor Achieved
15. Electri€l Capacity Fee ($/MWmo.)

16. Electri€l Cspacity Rovonuee ($000's)
17. Average Electrical Energy($ikwh)

18. Electri@l Energy Revenues ($000s)
19. Green Energy Credits ($/kwh)

20. Green Energy Revenues ($000s)
21. Total Energy Revenues ($000s)

22. Operator Energy Revenue Share (9000s)

Olhpr Mat?rial Rpvpiltp\
23. Rercvered Ferrous N4arket Prlce ($/ton)

24. Recovered Ferrous Revenues ($000's)
25. Re@vered Non-Ferrous N,4arket P.ice ($/ton)

25. Re@vered Non-Ferrcus Revenues ($000's)
26. Recovered Aggregate Market Price (g/ton)

27. Re@vered Aggregate Revenues ($000's)
28. Total Other N/aterial Revenues ($000's)
29. Operator Material Revenue Share ($000s)

Other Revenues
30. Non-County Waste Accepted (tons)

31. Non-County Waste Tip Fee (g/ton)
32. Non-CountyWaste Revenues ($000's)

33. Sulrtutal Cuurrty Reveilues
Revenues per ton ($/ton)

Countu E oerses
34. Base O&M Fee ($000s/yr)

35. Excess O&NI Fee ($/ton)
36. Excess O&[,4 Cost ($000's)

37. Consumable Costs
38. Pebble Lime Unit Cost (g/ton waste)
39. Pebble Lime Usage Cost ($000s)
40. Ammonium Hydroxide Unit Cost {$/ton Mste)
41. Ammonium Hydroxide Usage Cost ($000)
42. Carbon UnitPiw($/ton)
43. Carbon Usage Costs ($000s)

44. Nonpro@sible W?g-tg 
..,.,..,,.,,,,,,

45. Nonprcce$ible Wsste tlaul Cost to WTE ($000's)
46. Non Pmsible W6te WEBR Disposl including
47 Non Pllrcible W6te WEBR Disposal induding

48. Ash Disposal Fee ($iton)
49. Ash Disposal Expenses ($000's)

50. Other Expenses ($000's)
51. Utililies Pass Through ($/ton)
52. Utililies Pass Thrcugh ($000's)
53. Haul Cost to WTE Facility ($iton)
g. Haul Cost to WTE Facility ($000's)
55. Bypass Waste Drsposal ($000's)

56, Subtotal Expenses ($000's)
Expenses per ton ($/ton)

FACILITY EXPENSES LESS REVENUES (9000's)
NET O&[,,I COST PER TON OF WASTE

Amortized Annual lnitial Capital Cost ($000's)
Amortized lnitial Capital Cost Per Ton of Waste
Amortized Annual Expansion Cost ($000's)
Amortized Expansion Cost Per Ton of Waste
Total Amortized Capital Cost ($000's)

$0
$0.00

$'13,356

$40.07
$13,356

s0
$0.00

$1 3,356
$40.07

$13,356

$o
$0.00

$1 3,356
$40.07

$1 3,356

$0
$0.00

$1 3,356
$40.07

$13,356

$0
$0.00

$13,356
$40.07

$13,356

$0
$0.00

$13,356
$40.07

$13,356

2065

38

2066

39

2067

40

2068

41

$0.00

$0.00

$o

$o

$0

1,666,667
1,666,667

5,000
57,678

471,667
69,335
6,934

268,850
126,&8
7.59%

675
600

1,000,000

$0
$0

$0.0581

$58,065
$0.0000

$0
$58,065

$0

$r01,358
$60.82

$251,535
$150.92

$150,176
$90.1 1

't5,184

N/A
$1

$32l.83
$22,730
$1,912

$1 3,259
$0
$0

$35,989
N/A

76,392
$95.62
$7,304

$10.85
$18,085

$0.94
$1,566
$0.99

$1,644

$2,913
$251.26
$14,492
207.56

$26,267

$4.46
$7,427
$50.51

$80,324
$1,038

1,666,667
1,666,667

5,000
58,007
471,667
69,335
6,934

268,850
126,548
7.590k

675
600

1,000,000
N/A
$0
$0

$0.0589
$58,936
$0.0000

$0
958,936

$0

$102,635
$61.58

$3,018
$258.80
$1 5,012
213.79

$27,055

$259,552
$155.73

$156,917
$94.15

$1 18,639

$337.66
$23,412
$1,970

$13,657
$0
$o

$37,069

67,327
$98.49
$6,631

$11.18
$'r8,628

$0.97
$1,613
$1 .02

$1,694

$4.59
$7,650
$52.02

$83,205
$1,069

1,666,667
1,666,667

5,000
58,338
471,667

69,335
6,934

268,850
126,U4
7.59o/o

675
600

1,000,000

$0
$o

$0.0598
$59,820
$0.0000

$0
$59,820

$0

$1U3,9Uti

$62.34

$267,827
$160.70

$163,921
$98.35

sI22,1
N/A
NiA

$347.70
$24,114
$2,029

$14,067
$0

$o

$38,181

54,211

$101.44
$5,905

$11.51

$19,187
s1.00
$1,661

$ 1.05

$1,745

$3,126
$266.56
$15,551
220.20

$27,866

$4.73
$7,879
$53.59

$86,1 89
$1,101

1,666,667
1,666,667

5,000
58,670
471,667
6S,335
6,934

26B,850
126,548
7.59%

675
600

1,000,000
N/A

$o
$0

$0.0607
$60,717
$0.0000

$0
$60,717

$o

$1 {J5,1 ti8
$63.1 0

$125,865

$276,368
$1 65.82

$171,200
$102.72

$24,838
$2,090

$14,489
$o
$0

$39,326
NiA

49,043
$1 04.48

$5,124

$1 1.86

$19,762
91.03

$1,71 1

$'1.1J8

s1,797

$3,238
$274.56
$16,109
226.81

$2a,702

$4.87
$8,1 1 6

$55.1 I
$89,281
$1,134

1,666,667
1,666,667

5,000
59,005
471,667
69,335
6,934

268,850
126,54a
7.590/0

675
600

1,000,000

$0
So

$0.0616
$61,628
$0.0000

$0
$61,628

$0

$10ti,420
$63.85

$129,641

$285,183
$'171.1'l

$178,764
$107.26

NiA

$368.97
$25,583
$2,152

$14,923
$0
$o

$40,506
N/A

39,822
$107.62
$4,286

$12.21
$20,355

$1.06
$1,762
$1.11

$1,851

$3,354
$282.80
$16,686
233.6'1

$29,563

$5.02
$8,359
$56.85

$92,484
$1,1 68

1,G00,007

1,666,667
5,000

59,341
471,667
69,335
6,934

268,850
126,U8
7.59%

675
600

1,000,000
N/A

$o
$0

$0.0626
$62,552
$0.0000

$o
$62,552

$0

$107,660
$64.60

$204,282
$176.57

$1 86,622
$'1 11.97

N/A
N/A

$1 33,530

$380.04
$26,350
$2,217

$15,371
$o
$0

$41,721

30,549
$'110.85
$3,386

$1 2.58
$20,966

$1 .09
$1,815
$1.14

$1,906

$3,475
$291.28
$17,285
240.62

$30,450

$5.17
$8,6'10

$58.55
$95,801
$1,203

'1,060,607
'1,666,667

5,000
59,679

471,667
69,335
6,S34

268,850
126,U8
7.590/o

475
600

1,000,000
N/A
$0
$0

$0.0635
$63,491
$0.0000

$0
$63,491

$o

$1 08,887
$65.33

$303,673
$182.20

$194,786
$116.87

37,536
N/A
N/A

$1

$391.44
$27,141
$2,283

$15,832
$0
$0

$42,973
N/A

21,223
$114.17
$2,423

$12.96
$21,595

$1.12
$1,870
$1.18

$1,964

$3,599
$300.02
$17,905
247.84

$3'1,364

$5.32
$8,868
$60.31

$99,238
$1,239

Net Facility Cost
Net Facility Cosl

($000's)
Per Ton of Waste ($/ton)

$163,533
$98.12

$170,273
$102.16

$177,278
$106.37

$184,557
$110.73

$192,120
$115.27

$199,978
$'1r9.S9

$194,786
$116.87

Disposal by Rail Capital Cost IMF ($/ton)
Disposal by Rail Haul to IMF Cost ($/ton)
Disposal By Rail less Capital and Hauling to IMF ($/ton)
Disposal By Rail less Hauling to IMF ($/ton)
Disposal By Rail ($/ton)

Disposal Tonnage Required
Dlsposal By Rail ($000's)

Diffcrcncc bctwccn WTE and Rail Di3po3al (cost per ton)
Difference between WTE and Rail Disposal (9000's)

$0.00
$50.51

$200.75
$200.75
$251.26

$0.00
$52.O2

$206.78
$206.78
$258.80

$0.00
$53.59

$212.98
s2t2.9A
$266.56

$0.00
$55.19

$219.37
$219.37
$274.56

$0.00
$56.85

$225.95
$225.95
$282.80

$0.00
$58.55

$232.73
$232.73
$291.28

$0.00
$60.31

$239.71
$239.71

$300.02

1,590,275
$399,577

1,599,339
$413,910

1,608,456
$428,757

1,617,624
$444,137

1,626,844
$460,069

1,636,117
$476,572

1,F45,443
9493,667

(i,l 5,j i-4)
(.i ?4 3,6:i 7 )

(S1r:l 1.1)

(::23C.0r1 )

(s1{t0 20)

l32ti at.q)
{;14:r lill)
(s2!,'. tr,,1)
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\{lri"s county
King County Solid Waste Division
Waste to Energy Feasibility Study

Operations and Maintenance
2069 2070 2071

43 44

$0.00 $0.00 $0.00 $0.00

$0.00 $0.00 $0.00

@ARCADIS
Waste to Energy Option - O&M Cost Estimate

ECONOMIC EVALUATION

Waste Processino
1. ProcessibleWaste Delivered

2. Processible Waste Processed (tons)

3. Bypass Waste (tons)

4. NonPrce$ible Waste (tons)

5. Ash Generation (tons)

6. Ferrous Recovered (tons)
7. Non-Ferous Recovered (tons)

B. Aggregate Re@vered (tons)

9. Ash Disposal (tons)

10. Ash Disposal as a percentage of Waste Prccessed

Enercv Revenues
11. Gross Electri€l Rate (kwh/ton)
12. NetElectrical Rate(kwh/ton)

13. Net Electri@l Generation (mwh/yr)

14. Capacity Factor Achieved
15. Electri€l Capacity Fee ($/MWmo.)

'16. Electriel Capacity Revenues ($000's)
'17. Average Electri€l Energy ($i kwh)

18. Electri€l Energy Revenues ($000s)

19. Green Energy Credits ($/kwh)
20. Green Energy Revenues ($000s)

21. Total Energy Revenues ($000s)

22. Operator Energy Revenue Share ($000s)

Othet Material Revenues
23. Re@vered Ferrcus Market Price ($/ton)

24. Recovered Ferrous Revenues ($000's)

25. Re@vered Non-Ferrcus l\y'arket Price ($/ton)

25. Recovered Non-Ferrous Revenues ($000's)

26. Recovered Aggregate Market Price ($/ton)

27 Re@vered Aggregate Revenues ($000's)

28. Tolal Other Material Revenues ($000's)
29. Operator Material Revenue Share ($000s)

Other Revenues
30. Non-County Waste Accepted (tons)

31. Non-County Waste Tip Fee ($/ton)

32. Non-County Waste Revenues ($000's)

33. Subtotal county Revenues
Revenues per ton ($/ton)

Countv Expenses
34. Base O&M Fee ($000s/yr)

35. Excess O&N4 Fee ($/ton)

36. Excess O&M Cost($000's)
37. Consumable Costs

38. Pebble Lime Unit Cost ($/ton waste)

39. Pebble Lime UsageCost($000s)
40. Ammonium Hydroxide UnitCost($/tonwaste)
41. Ammonium Hydroxide Usage cost($000)
42. Carbon Unit Pri@ ($/ton)

43. Carbon Usage Cosls ($000s)
44. :Nonpro@$ible Waste

45. ,Nonprecesible Waste Haul Cost to WTE ($000!)
46. :Non PEce$ible Waste WEBR Disposal
47 Non Po(:6ible W6te WEBR Dlsposal

48. Ash Disposal Fee ($/ton)

49. Ash Disposal Expenses ($000's)

50. Other Expenses ($000's)

51. Utilities Pass Through ($/ton)

52. Utilities Pass Through ($000's)

53. Haul cost to WTE Facility ($/ton)
g. Haul Cost to WTE Facility ($000's)

55. Bypass Waste Disposal ($000's)

56. Subtotal Expenses ($000's)

Expenses per ton ($/ton)

FACILITY EXPENSES LESS REVENUES ($000's)

NET O&M COST PER TON OF WASTE

Amortized Annual lnitial Capital Cost ($000's)
Amortized lnitial Capital Cost Per Ton of Waste
Amortized Annual Expansion Cost ($000's)
Amortized Expansion Cost Per Ton of Waste
Total Amortjzed Capital Cost ($000's)

$0

$0$0

$o

$o

$0

$0

$0

$o

$o

$0

$0

$0

$0

$o

2072 2073 2074

45 46

$0.00 $0.00

$0.00 $0.00 $0.00

2075

4a

$0.00

$0.00

1,666,667
1,666,667

5,000
60,706
471,667
69,335
6,934

268,850
126,544
7.59o/o

675
600

1,000,000
N/A
$0
$0

$0.0664
$66,391
$0.0000

$0
$66,391

$o

$113,348
$68.01

$5.81

$9,691

$65.90
$109,838

$1,354

$333,230
$199.94

$219,881
$131.93

$0
$0

N/A
N/A

$46,958
N/A

$124.76
$0

$1 50,289

$427.74
$29,657
$2,495

$17,300

$14.16
$23,597

$1.23
$2,043
$1.29

$2,146

$4,001

$327.84
$'19,902
270.82

$34,272

'1,666,667

'1,666,667

5,000
61,052
471,667
69,335
6,934

268,850
126,548
7.590/0

675
600

'1,000,000

N/A

$0
$0

$0.0674
$67,387
$0.0000

$0
$67,387

$0

$1 15,753

$6S.45

$5.99
$9,981

$67.88
$1 13,134

$1,395

$343,227
$205.94

$227,474
$136.48

54,798

N/A

$48,366
N/A

0
$128.50

$0

$1

$440.57
$30,547
$2,570

$17,819
$0
$0

$14.58
$24,305

$1.26
$2,104
$1.33

$2,210

$4,144
$337.68
$20,616
278.95

$35,300

1,666,667
1,666,667

5,000
61,400
471,667
69,335
6,934

268,850
126,544
7.59o/o

675
600

'1,000,000

N/A
$o
$0

$0.0684
$68,397
$0.0000

$0
$68,397

$o

$1 18,21 5

$70.93

$6.17
$10,281

$69.92
$1 16,528

$1,437

$353,524
$212.11

$235,309
$141.19

0

$132.36

$1 59,441
N/A

$453.79
$31,464
$2,647

$18,354
$0
$o

$49,817

$1 5.02

$25,034
$1.30

$2,167
$1.37

$2,276

$4,293
$347.81

$2'1,355
287.31

$36,359

1,666,667
1,666,667

5,000
61,750
471,667
69,335
6,934

268,850
126,98
7.59%

675
600

1,000,000

$0
$o

$0.0694
$69,423
$0.0000

$o
$69,423

$0

$120,735
$72.44

$6.35
$10,589
$72.01

$120,023
$1,480

$364,129
$218.48

9243,394
$146.04

N/A

0
$136.33

$1 64,225

$467.41

$32,408
$2,727

$1 8,904
$o
$0

$51,312
NiA

$'15.47

$25,785
$1.34

$2,233
$1.41

$2,345

$4,447
$358.24
$22,121
2S5.93

$37,450

1,666,667
1,666,667

5,000
62,102
471,667

69,335
6,934

268,850
126,U8
7.590k

675
600

1,000,000
NiA

$0
$o

$0.0705
$70,465
$0.0000

$0
$70,465

$0

$123,316
$73.99

$6.54
$10,907
$7 4.17

sl23,624
$1,524

9375,053
$225.03

$251,737
$151.04

69,'151

N/A
N/A

$140.42
$0

$1

$481.43
$33,380
$2,808

$19,472
$0
$0

$52,851

$15.94
$26,559
$1.38
$2,299
$1.45
$2,415

$4,606
$368.99
$22,915
304.8'1

$38,s73

1,666,667
'1,666,667

5,000
60,019

471,667
69,335
6,934

268,850
126,98
7.590/.

675
600

'1,000,000

N/A
90
$0

$0.0644
$64,443
$0.0000

$0
$64,443

$o

$1 10,098

$66.06

$5.48
$9,1 34

$62.12
$102,797

$1,276

$313,365
$188.02

$203,267
$121.96

N/A
N/A

$141 ,662

$403.19
$27,955
$2,352

$16,307
$0
$0

$44,262
N/A

11,844
$117.60
$1,393

$1 3.35

$22,243
$1.16
$1,926
$1.21

$2,022

$3,728
$309.02
$18,547
255.27

$32,305

1,666,667
1,666,667

5,000
60,362

47 1,667

69,335
6,934

268,850
126,548
7.59%

675
600

1,000,000
N/A

$o
$0

$0.0654
$65,410
$0.0000

$0
$65,410

$0

$111,292
$66.78

$5.65
$9,408
$63.98

$1 06,485
$1,315

$323,370
$194.02

$212,078
$127.25

145,912
N/A

$

$415.28
$28,794
$2,422

$16,796
$0
$o

$45,590
NiA

2,412
$121.12

$292

$13.75
$22,910

$1.19
$1,984
$1 .25

$2,0B3

$3,862
$318.29
$19,213
262.93

$33,274

Net Facility Cost
Net Facility Cost

($000's)
Per Ton of Waste ($/ton)

$203,267
$121.96

$212,O7A

$127.25
$219,881
$131.93

$227,474
$1 36.48

$235,309
$141.19

$243,394
$146.04

s251,737
$151.04

WEEK
Disposal by Rail Capital Cost IMF ($/ton)
Disposal by Rail Haul to l[.4F Cost ($/ton)
Disposal By Rail less Capjtal and Hauling to IMF ($/ton)
Disposal By Rail less Hauling to IMF ($/ton)
Disposal By Rail ($/ton)

Disposal Tonnage Required
Disposal By Rail ($000's)

Difference between WTE and Rail Disposal (cost per ton)
Difference between WTE and Rail Disposal ($000's)

$0.00
$63.98

$254.31
$254.31
$318.29

$0.00
$65.90

$261.94
$261.94
$327.84

$0.00
$67.88

$269.80
$269.80
$337.68

$0.00
$69.92

s277.a9
$277.89
$347.81

$0.00
$72.O1

$286.23
$286.23
$358.24

$0.00
$7 4.17

$294.81

$294.81

$368.99

$0.00
$62.'12

$246.90
$246.90
$309.02

1,654,a22
$51 1,376

1,664,255
$529,7'19

1,673,741
s548,721

1,683,281

$568,404

ia)1r)1 05)
(-i317.61i )

1,692,876
$588,7S3

1,702,525
$609,914

1,712,230
$631,792

131 97 Oil)

(:308.1 0r)
i:;21 7 1,r)

l::tliq .i)a ':)

Year
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\flrci"scounty
King County Solid Waste Division
Waste to Energy Feasibility Study

Operations and Maintenance

@ARCADIS
Waste to Energy Option - O&M Cost Estimate

ECONOMIC EVALUATION

Waste Processinq
1. Procssible Waste Delivered

2. Processible Waste Processed (tons)
3. Bypass Waste (tons)
4. NonpEcesible Waste (toN)
5. Ash Generation (tons)

6. Ferous Re@vered(tons)
7. Non-Ferous Recovered (tons)
8. Aggregate Re@vered (tons)

9. Ash Disposal (tons)
10. Ash Disposal as a percentage ofWaste prccessed

Enerqv Revenues
11 Gross Electri€l Rate (kwh/ton)
12. Net Electri@l Rate (kwhiton)

1 3. Net Electrical ceneration (mwh/yr)
14. Capacity FactorAchieved
15. Electri@l Capacity Fee (g/Mwmo.)

'16. Eloctri€l Capacity Rcvcnucs ($000's)
17. Average Electri@l energy($/kwh)

'18. Electri€l Energy Revenues ($000s)
'19. Green Energy Credits ($/kwh)

20. creen Energy Revenues ($000s)
21. Total Energy Revenues (9000s)

22. Operator Eneroy Revenue Share (9000s)

Other Mateilal Revenues
23. Recovered Ferrous lvlarket Pnce (g/ton)

24. Recovered Ferrous Rerenues ($000's)
25. Remvered Non-Ferrcus ilarket Price ($/ton)

25. Re@vered Non-Ferrous Revenues (9000's)
26. Recovered Aggregate Niarket Price (g/lon)

27. Re@vered Aggregate Revenues (9000's)
28. Total Other Material Revenues (9000's)
29. Operaior Material Revenue Share (9000s)

Other Revenues
30. Non-County Waste Accepted (tons)

3'l . Non-County Waste Tip Fee (g/ton)
32. Non-County Waste Revenues (9000's)

33. Subtutal Couilty Revenues
Revenues per ton ($/ton)

Countv Expenses
34. Base O&M Fee (9000s/yr)

35. Excess O&M Fee ($iton)
36. Excess O&NI Cost ($000's)

37. Consumable Costs
38. Pebble Lime Unit Cost ($/ton waste)
39. Pebble Lime Usage Cost ($000s)
40. Ammonium Hydrcxide Unit Cost (g/ton waste)
41 . Ammonium Hydrcxide Usage Cost ($000)
42. Catuon LJnitPriw(g/Luil)
43. Carbon Costs

2076

49

20?7

50

1,666,667
1,666,667

5,000
62,102
471,667
69,335
6,934

268,B50
126,548
7.590/0

675
600

1,000,000

$0
$0

$0.0726
$72,595
$0.0000

$0
$72,595

$0

$179,453

0
$148.97

$0

$128,rjris
$77.20

$510.75
$35,413
$2,979

$20,657
$0
$0

$56,070
N/A

$1 6.91

$28,176
$1.46

$2,440
$1.54

$2,562

$4,887
$391.46
$24,310
323.37

$40,922

$6.94
$11,571
$78.69

$1 31,153
$1,617

NiA

44.
45.
46.
47.

48. Ash Disposal Fee (g/ton)
49. Ash Disposal Expenses ($000's)

50. Other Expenss (9000's)
51. Utilities Pass Thrcugh ($/ton)
52. Utilities Pass Through (9000's)
53. Haul Cost lo WTE Facility ($/ton)
54. Haul Cost to WTE Facility ($000's)
55. Bypass Waste Disposat ($000's)

50. Subtotal Expenses ($000's)
Expenses per ton ($/ton)

FACILITY EXPENSES LESS REVENUES ($000's)
NET O&M COST PER TON OF WASTE

Amortized Annual lnitial Capital Cost ($000's)
Amortized lnitial Capital Cost Per Ton of Waste
Amortized Annual Expansion Cost ($000's)
Amortized Expansion Cost Per Ton of Waste
Total Amortized Capital Cost ($000's)

$397,894
$238.74

$269,229
$161.54

$0.00 $0.00

$0.00 $0.00

$0

$o

$0

$0

$o

Net Facility Cost
Net Facility Cost

($000's)
Per Ton of Waste ($/ton)

$260,346
$1 56.21

$269,229
$'161.54

WEAR
Disposal by Rail Capital Cost IMF (g/ton)
Disposal by Rail Haul to l[/F Cost ($/ton)
Disposal By Rail less Capital and Hauling to IMF (g/ton)
Disposal By Rail less Hauling to IMF (g/ton)
Disposal By Rail ($/ton)

Disposal Tonnage Required
Disposal By Rail ($000's)

Diffcrcncc bctwcon WTE and Rsil Disposal (cost per ton)
Difference between WTE and Rail Disposal ($000's)

Page 19

$0.00
$76.40

$303.66
$303.66
$380.06

$0.00
$78.69

s312.77
$312.77
$391.46

1,712,230
$650,746

1,712,230
$670,268

(s229.92)
("5401 033)

1,666,667
1,666,667

5,000
62,102

47't,667
69,335
6,934

268,850
126,544
7.590/0

676
600

1,000,000

$0
$0

$0.0715
$71,522
$0.0000

$0
$71,522

$0

$'125,95e
$75.58

$6.74
$1 1,234

$76.40
$127,333

$1,570

$386,305
$231.78

$260,346
$156.21

$1 74,226
N/A

$405.87
$34,381
$2,893

$20,056
$o
$0

$54,437
N/A

0
$144.63

$0

$16.41
$27,356

$1.42
$2,368
$1.49

$2,487

$4,745
$380.06
$23,602
313.96

$39,731

Yeat

1322?' 'tls)
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H KingCounty King County Solid Waste Division
Waste to Energy Feasibility Study

Basis of Costs
lnitial Facility Gapacity Options Modeled

Expansion Capacity Modeled

EPC Construction Gost
PBREF 2 B&W Bid Price
Year of Bid Price
PBREF 2 EPC Price (including COs)
Year of Final EPC Price (COD)

Average Annual Escalation
Year PBREF 2 Construction Price Escalated To
PBREF 2 Final EPC Escalated Price
Assumed Labor Cost as Percentage of Construction Price
Seaftle Labor Cost lncrease Compared to Miami (BLS)
Additional Labor Cost for Project Location
Assumed Equipment and Materials Cost as Percentage of Construction Price
Sales Tax WPB in 2015

Sales Tax King County

Additional Cost for Hlgher Sales Tax Rate

PBREF 2 Final EPC Escalated Price lncluding Location Adjustment
PBREF 2 Facility Capacity (TPD)
PBREF 2 Facility Capacity (TPY)
PBREF 2 Final EPC Escalated Price per TPD
Aesthetic Treatment Allowance (20 1 0)
Spare Parts Allowance (2010)

Percentage of EPC Price lncrease for Tonnage above 3000 tpd

Percentage of EPC Price for 1000 TPD Expansion

Additional ltems Not lncluded in PBREF 2
AMR Unit Cost ($/tpd ash processed)
Carbon Sequestration of Flue Gas (GHG Regulations) ($/tpd)
Land Acquisition Cost per Acre ($/Acre)
Acres Needed for 3000 TPD Facility Site (Acres)
Acres Needed for 4000 TPD Facility Site (Acres)
Acres Needed for 5000 TPD Facility Site (Acres)
Estimated Land Acquisition Cost ($/TPD) for 3000 TPD (end 4000 TPD)
Estimated Land Acquisition Cost ($/TPD) for 4000 TPD (end 5000 TPD)
Estimated Land Acquisiton Cost ($/TPD) Average

ffiARCADIS
3,000 TPD

4,000 TPD

1,000 TPD

$667,981,128
2010

$672,284,230
2015

3.00%
2019

$7s6,661,824
1SYo

50%

$56,749,636.78
50Yo

60/o

,i: ii r ri!::iiiiii;iriiLi; 1,11 
rl,0ip7_9,

$15,133,236

$828,544,697
3000

'1000000

$276,181 .57

$12,000,000
$10,000,000

75%
40%

$11,400
$20,000

$900,000
30
43
55

$12,750
$12,375
$12,563

Page 20



t{l Kinscounty King County Solid Waste Division
Waste to Energy Feasibility Study

Basis of Costs
O&M Costs
PBREF 2 Base O&M Fee (2015)
PBREF 2 Base O&M Fee (2019)
Assumed Base O&M Fee for 3000 tpd Facility (2019)
Assumed Base O&M Fee perTPD (2019)
Percentage of Base O&M Fee lncrease for Tonnage above 3000 trd
Percentage of Base O&M Fee for renegotiation of O&M term
Natural Gas Usage at PBREF 2 (cctlyear)
Natural Gas Price ($/mcf)
Annual Natural Gas Cost ($/ton)
Potable Water Usage (gallons/year)
Potable Water Price ($/ccf)
Annual Potable Water Cost ($/ton)
Wastewater Disposal (gallons/year)
Wastewater Disposal Price ($/ccf)
Annual Wastewater Disposal Cost ($/ton)
Total Utilties Pass Through Cost ($/ton)
WEBR Cost Per Ton (includes capital, excludes haul to IMF)
Haul Cost to IMF ($/ton)
lntermodal Facility Land + Capital Cost ($/ton)
WEBR Cost Per Ton (excludes capital and haul to IMF)
lntermodal Facility Land + Capital Cost Payment Term (years)
Ash Disposal WEBR - lncludes hauling to existing IMF ($/ton)
Ash Disposal at Landfill ($/ton)

Revenues
Electrical Energy Revenue - Average 2019 WA ($/kwh)
Electrical Energy Revenue - Hlgh 2013WA ($/kwh)
Electrical Energy Revenue - Low 2019 WA ($/kwh)

PBREF 2 System:
Mass Burn
Ferrous and Non Ferrous Recoveryfrom Ash
ACC
SCR
Carbon lnjection

PBREF 2 EPC Contract
Design-Build-Operate

PBREF 2 O&M Contact
Base O&M Fee up to Throughput Guarantee
Excess O&M Fee for waste over Throughput Guarantee
Electrical revenue shared for electrical generation above Electrical Generation Guarantee
607o Operator Energy Rev Share Above Net kWh/T
Operator does not receive a share of metals revenues

ffiARCADIS

$20,490,000
$23,061,676
$25,000,000

$8,333.33
500,/o

100o/o

703,000
$ 6.61

$0.465
92,500,000

$ 2.36
$0.292

25,500,000
$ 14.4E

$0.494
91.25

$59.67

' I ' i il,i' -,', :$.14,1i1

$3'35
$56'32

10
tEit:;,;,il:ti $SE;24

sr7.oo

$
$

$

0.0353
0.0387
0.0317
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IJI Kins County
King County Solid Waste Division
Waste to Energy Feasibility Study

Basis of Costs

6ryARCADIS

Nonprocessible Waste % 3.50%

Facility Capacity Modeled Facility- Capacity Modeled 1,333,333

only works for only works for
initial 3000 initial 4000
TPD tpd

Estimate
Amount of

Facility
Capacity

Available for
Outside
Waste

Low Bound
475,918
475,459
466,590
460,825
455,061
449,297
443,533
437,769
432,554
427,340
422,126
416,912
411,657

406,861

402,025

397,1 88
392,352
3B7,515
382,448
377,380

372,313

367,245

362,178

356,67'1

351,132
345,562
339,961
334,327
328,662
322,965
317,235
311,473
305,678
299,850

Estimate
Amount of

Waste (tons)
Low Bound

BBB,513

BBB,9BB

898,1 80

904,1 53
910,126
916,1 00
922,073
928,046
933,450
938,853
944,256
949,660
955,063

960,075

965,087

970,099
975.110
980,122
985,373
990,625

995,876

1,001,127

1,006,379

1 ,012,0B6
1,017,825
1,023,597
1,029,402
1,035,239
1,041,110
1,047,014
1,052,951
1,058,923
1,064,928
1,070,967

Non-

Estimate Faciliiy
Amount of Estimate Capacity

Estimate Non- Amount of Available for
Amount of processible Processible Outside

Waste (tons) Waste (tons) Waste (tons) Waste

Hiqh Bound Hiqh Bound Hiqh Bound Hioh Bound
BBB,513 31 ,098 857 ,415 475,918
895,673 31,349 864,324 469,009
936,563 32,780 903,783 429,550
958,103 33,534 924,569 408,764
994,51 1 34;BoB 959,703 373,630
1,012,412 35,434 976,978 356,356
1,049,871 36,745 1,013,126 320,207
1 ,079,268 37 ,77 4 1 ,041 ,493 291 ,840
1,117,042 39,096 1,077,946 255,388
1J44368 40,074 1J04394 228,439
1 ,183,897 41 ,436 1 ,142,461 1 90,873
1,204,364 42,153 1,162,211 171,122
1 ,225,184 42,881 1 ,182,303 151 ,030

1,246,365 43,623 1,202,742 130,591

1,267 ,912 44,377 1,223,535 109,799

1,289,831 45,144 1,244,687 88,647
1,312,129 45,925 1,266,204 67,129
1,334,812 46,718 1,288,094 45,239
'1 ,357,888 47 ,526 1 ,310,362 22,971
.1 

,381 ,363 48,348 1 ,333,015 318

1,405,243 49,184 1,356,060 0

1,429,536 50,034 1,379,503 0

1,454,250 50,899 1,403,351 0

1,462,539 51,189 1,411,350 0

1 ,470,875 51 ,481 1 ,41 9,395 0

1,479,259 51,774 1,427,485 0

1,487,691 52,069 1,435,622 0

1,496,171 52,366 1,443,805 0

1 .504,699 52,664 11452:035 0
1,513,276 52,965 1,460,311 0

1,521,902 53,267 1,468,635 0

1,530,576 53,570 1,477,006 0

1,539,301 53,876 1,485,425 0
'1 ,548,075 54,183 1 ,493,892 0

Year
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
zv10
2029
2030

2031

2032

2033
2034
2035
2036
2037

2038

2039

2040

2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051

processible Processible
Waste (tons) Waste (tons)

Low Bound Low Bound
31 ,098 857,415
31,115 857,874
31 ,436 866,744
31 ,645 872,508
31 ,854 878,272
32,063 8B4,036

32,273 889,800
32,482 895,565
32,671 900,779
32,860 905,993
33,049 911,207
33,238 916,422
33,427 921,636

33,603 926,472

33,778 931,309

33,953 936,145
34,129 940,982
34,304 945,818
34,488 950,885
34,672 955,953

34,856 961,020

35,039 966,088

35,223 971,155

35,423 976,663
35,624 982,201
35,826 987,771
36,029 993,373
36,233 999,006
36,439 1,004,671
36,645 1 ,0'10,368
36,853 1 ,016,098
37,062 1 ,021 ,860
37,272 1,027,655
37.484 1,033,483

Expansion
Low Bound

Low Bound

Expansion
High Bound

Hiqh Bound
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

263,316

255,317
247,272
239,181
231,045
222,862
214,632
206,355
198,032
189,660
181,241
172,775

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

695,511

690,004
684,466
678,896
673,294
667,661
661,996
656,298
650,569
644,806
639,012
633,1 84
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IJI King county King County Solid Waste Division
Waste to Energy Feasibility Study

Basis of Costs

ffiARCADIS

Expansion
High Bound

164,259
155,696
147,083
138,421
129,710
120,950
112,139
103,278
94,367
85,405
76,392
67,327
58,211
49,043
39,822
30,549
21 ,223
11,844
2,412
-7,074

- to,o tc
-26,209
-35,859
-45,563

Estimate
Amount of

Estimate Non-,
Amount of processible

Waste (tons) Waste (tons)
2052 1,077,040 37,696
2053 1 ,083,148 37,910
2054 1,089,290 38,125

'.''',',.":iig$.5,,N ffiiiffi$l ss,s+r
2056 1 ,101 ,680 38,559
2057 1,107,927 38,777
2058 1,114,210 38,997
2059 1,120,529 39,218
2060 1,126,883 39,441
2061 1,133,273 39,665
2062 1,139,700 39,889
2063 1 ,146,163 40,'1 16

2064 1,152,663 40,343
2065 1,159,199 40,572
2066 1,165,773 40,802
2067 1J72,384 41,033
2068 1J79,032 41 ,266
2069 1,185,719 41 ,500
2070 1,192,443 41 ,735
2071 1 ,199,205 41 ,972
2072 1,206,005 42,210
2073 1,212,844 42,450
2074 1,219,722 42,690
2075 1,226,639 42,932

Estimate
Amount of
Processible

Waste (tons)
1,039,344
1,045,238
1 ,051,165
1,057,126
1,063,121
1 ,069,150
1,075,213
1 ,081 ,310
1,087,442
'1,093,609

I ,099,810
1,106,047
1,112,320
1,118,627
1,124,971
1,131 ,351
1,137,766
1,144,218
1,150,707
1,157,233
1,'163,795
1,170,395
1 ,177,032
1,183,707

Facility
Capacity

Available for
Outside
\r'/aste

293,990
288,096
282,168
276,207
270,213
264,184
258,121

252,023
245,891
239,725
233,523
227,286
221,014
214,706
2C8,362
2C1,983
195,567
189,'t 15
182,626
176,101
169,538
162,938
156,301
149,627

Estimate
Amount of

Waste (tons)
1,556,899
r,cbc,./ /J
1,574,698

Wffi

:

Estimate
Amount of
Frocessible

Waste (tons)
1,502,407
1.510.971
1 ,519,584
1,528,245
1,536,956
1,545,717
1,554,527
1,563,388
1,572,300
1,581,262
1,590,275
1,599,33S
1,608,45e.
1,617,624
1,626,844
1 ,636,1 17
1,645,443
1,654,822
1,664,255
1,673,741
1,683,281
1,692,876
1,702,525
1,712230

Facility
Capacity

Available for
Outside
Waste

0

0
0

0
n

0
0

0

0

0

0

0

0
0
0

0

0

0

0

0

0

0

0

0

Expansion
Low Bound

627,323
621,429
615,502
609,541
603,546
597,517
591,454
585,357
579,225
573,058
566,856
560,619
554,347
548,039
541,696
cJc,Jl b

528,900
522,448
515,960
509,434
502,872
496,272
489,635
482,960

1,592,701
1,601 ,779
1 ,610,909
1,620,091
1,629,326
1 ,638,613
1,647,953
1,657,347
1,666,793
1,676,294
1,685,849
1,695,458
1,705J23
1,714,842
1,724,616
1,734,a47
1,744,333
1,754,276
1,764,275

1,774,331

54,491
54,802
55,114
55,429
55,745
56,062
56,382
56,703
57,026
57,351
57,678
58,007
58,338
58,670
59,005
59,341
59,679
60,019
60,362
60,706
61,052
61,400
61,750
62,102

Notes:

low indicates

blue highlight indicates possible

n tonr and therefore

tonnage and

used in model

year
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H Kingf"otrnty King Gounty Solid Waste Division
Waste to Energy Feasibility Study

Basis of Costs

JNARCADIS

Expansion
High Bound

Estimate
Amount of

Waste (tons)

Facility
Capacity

Available for
Outside
Waste

Estimate
Amount of

Waste (tons)

Facility
Capacity

Available for
Outside
Waste

Expansion
Low Bound

3000000

2s00000

2000000

1s00000

1000000

500000

reudred (bn'r.,*5"8'ss*-,.,:::si:.:*p*", or 3.3{ @ubdr rQ' pe,sd ps

0.57 (2040 - 2o7slo
-o

c
oF

Growth Rate 1.7 Growth Rate

0

- 

WtE Study proposed Low Bound

.--.----. Linear (WtE Study proposed Low Bound)

2018 2023 2028 2033 2038 2043 2048 20s3 2058 2063 2068 2073

0.57 (2018 - 2075)
Growth Rate
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Appendix D-1: WEBR and WTE Comparisons Excluding Credits for AMP and Ash Recycling



D-l WEBR and WTE Comparisons Excluding Credits forAMP and Ash Recycling

Waste Reduction Model (WARM) - lnputs

Use this worksheet to desciibe the baseline and albrnative mste mahagemat sceFdos that you mnt io cohparc, The blue shaded aEas indicale wheE you need to enter infomation.
Please enter dala in shon tons (l shoilton = 2,000 lbs.)

'1. Describe the baseline generation ahd management Ior the @ste matedals listed below
It the material is nol gehehted in your community oryou do notwant to analya it, leave
il blank or enler 0. Make sure that the tobl quanlity geheEted equals the total quahtity managed

Paper

2. Desc.ibe the allehative management scenario for the wash materials gereraled in the baseline
Ahy decrease in genedion should be enbrcd in the Source Reduction coluhn
Any increase in geneEtion should be entered in the Source Reduction column as a negatiw Elue

the tobl

Mail

Paper (general)

Paper (primarily residentiaD
Paper (primariv fiom offices)

Waste (non-meat)

Waste (meat only)

and Vegetables
Producb

Trimmings

Plasli6

0esKop
Poilable

CPUs
Eledronic Devices

Displays
Dtsplaw

Peilpherals
Devices

Electroni6
Cans
lngot

Cans

Metab

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
M
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
M
NA
NA
NA
NA
NA
NA
M
NA

N.A

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

PLA

Concrete
Shingles

Bilcks

Ash

Luhber

lnsulalion

Fibe$oard
Flooring
Floodng

tons
Anaerobically

Digested
NA
NA
NA
NA
M
NA
NA
NA
NA

Tons
Commsted

M
l\lA
NlA

t.lA
NA

NA
NA
NA

NA
NA
NA
NA
NA
N.q

N.A
NA

Tohs
Combustud

NA

ffiW
NA

NAW
NA
M
NA

Tons
Landliled

Tons
Recvcled

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

M

NA
NA
NA
NA

NA

NA

NA

naeri"ttvr" lu"t".i"l

Paper

Food Waste

Yard Trimmings

Mi(ed Plastics

Eledroni6

Metah

Crnstruction
Matefals

rons
GereEted

ADae.obically
Diq*ted

NA
NA
NA
NA
NA
NA
NA
NA
NA

Tons
Composbd

NA
NA
NA
NA
NA
M
NA
NA
NA

NA
NA
NA
NA
NA
NA

Tohs
Combusted

NA
NA
NA

Tons
bndfilled

Tohs
Recycled

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA

Tons Source
Reduced

NA
NA
NA
NA

Recyclables
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D-1 WEBR and WTE Gomparisons Excluding credits for AMP and Ash Recycling
uts

Mired organi6
MSW

NA NA
NA

NA
NA

Select #e forwhich you aF conducting lhis analysis.

6a. lf your landfill has gas Ecovery, does it rccoverthe methane for energy or llarc il?

Please select state or select national ave6ge:

Region Location: Pacifc

tffiffiffiilt-ltKffi#ffiil
l*.-.*.,.**l

TWical

Aggtessivc
Califomia

Landfill gas collection etTrciency (%) assun4ons
Yeils 61: 096; Yarc 24: 50i6:Yeils 5-14:75"A; Yearc 15 b I yeat bef@lihal @v* 82.5%: Final covil 90%

Yee 0-4: 096; Yars 5-9: 50%; Y@ts 10-14: 75ft; Y@6 15 to 1 yet before linal @v4 82.5%; Final cov{ 9016

Year 0: 095: Yea6 0.&2: 50%: Yeffi 3-14: 75%; Years 15 to 1 yet befote fnal @ver: 82.58: FiMl @vet: 9@6

Y@r 0: 04; Yeil 1: 50%: Yfits 2-7: 8095: Yeils I to 1 yN before frnal @ver 85%; Final @vet: 9016

7. Which otthe tollowing moisturc conditions and associabd bulk MSW decay 6tu (k) most accuEtev describes the aveEge conditions at the landtill?

Mdstw @n&tbn NsMNons
Less thil 20 inches o{ Wipitation N yeil
Betuffi 20 ild 40 inches of p(eipitdiil pet yee
G@tq lhe 40 ihclEs ot Neipitati@ Wr yeq
Watet is added until the maisturc @ntent rcaches 40 pffid moistre on a wet weight basis
Weighted evila@ besed on the shile of t6te re@ived at eeh landfril We

ffiffiffiffi
D.y (k=o.o2)

Modffite (k=o.u)
VUet 6=0.06)
Bioreactot (k=0.12)

Natiorql awge
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D-l WEBR and VVTE Gomparisons Excluding Credits for AMP and Ash Recycling
Analysis lnputs

ohly one type oI digeslioh prccess (ret or dry) can be modeled at atime in WARM.

W
8b. WARM assumes thai digestate resulting froh anaerobic digestioh processes will be applied to land. la many cases, the digeslate is curcd beforc land application.

Selectwhetherthe digestate rcsulting frcm youranaerobic digesler is cured befoc land appliEtion.

Wffi
ffiw

tEhspon distances torthe various MSW management optiohs.

9b. lI you have chosen lo previde infomation, pteese till in the iable below. Distances should be from the curh 1o the landtill, cohbustor, or malerial recovery facility (MRF).
'Please nole that ityou chose lo prcvide intomation, you must pbvide di*nces for both the baseline and the altemative scenarios.

10. lf you wish to peBonalize your rcsults repod, input yout hame & organialion, and also specify the preject pedod corrcsponding lo lhe data you entercd above.

Compadsohs, ErcludingAMP and Ash Recycling Credib

ConEdulalions! You have finishcd all the ihputs.
A summary oI your rcsults awaiE lbu on the shee!(sl titled "summary Report."
For moE detailed analyses oI rcsult', seethe sheet(s) titted'Analysis Results..

Distance
(Miles)

uerautr
Distane
{Miles}

m
m
m

Manaoeheht Ootion
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D-1 WEBR and WTE Comparisons Excluding Credits forAMP and Ash Recycling
Summary Report (MTCO2E)

GHG Emissions Analysis - Summary Reporl

GHG Emissions Waste ll,lanagement Analysis for WEBR and WTE Comparisons, Excluding AMP and Ash Recycling Cradita
Prepared by: Arcadis Team I
Project Period tor this Analysis: 01/00/00 to 01/00/0{ 

I

I

GHG Emissions from Baseline Waste Management (MTCO,E):

0

0

0

0

0

0

0

0

0.12 GHG Emissions from Alternative Waste Management Scenario (MTCqE): 0.13

0.13

o

0

0

0

0

0

0

0

0

0

0

o

0

0

0

I

I

I

MTCO]E

0.00

0.00

0.00

000

0.00

0.00

000

0.00

0.00

0.00

0.00

0.00

0.00
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D-l WEBR and WTE Comparisons Excluding Gredits for AMP and Ash Recycling

Total Change in GHG Emissions (MTCqE):
Note: a negative value (i.e., a value in parentheses) ,hdicates a, emissrb n reduction: a positive @lue
incli*tes an emission indease,

a) For explanation of methodology, see the EPA WARM Documentatjon:
Documentaton ChapteF for Grcenhouse Gas Emission and EneEv Facto6 Used in the Waste
Recuction lvlodel (WARM)

- available on the lntemet at https://w.epa.govlrartrVdocumental,on{haptss-greenhouse-gas-
emission€nd+nergy-faeto6-used-waste-reduction-model

b) Emissions estimates provided by this model are intended to support voluntary GHG measurement and
repoding initialives.

c) The GHG emissions results estimated in WARM indicate the full litFcycle bqefts Mste mnagehent
altematives. Due to the timing ofthe cHG emissions fiom the waste management pathways, (e.g.,
avoiied landfilling and increased recyctrhg), the actual cHG implications may accrue oyer the long-.term.
Therefore, one should not interpretthe cHG emissions implications as occutrirU all in one year, bd rathet
through time.

0.01

is equivalentto...
annual emissions

0 Passenger Vehicles

'I Gallons of Gasoline

0 Cylinders of Propane Used for Home Barbeques

0.00000% Annual Cq emissions trom the U.S. tEnspodatioh sector

emissions from the U.S. sedot
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Appendix D-2. AM P Recycling Credits



D-2 AMP Recycling Gredits

Waste Reduction Model (WARM) -- lnputs

Use this wotksheet to dcscribe the baseline and albrnati@ waste managemesi scenarios lhat you Mnl to cohpaE. The blue shaded arcas indicale wherc you need k ehter infomatioL
Please enler data in shortlons (1 sho.tton = 2,000 lbs.)

1. Describe the baseline geneEtion and management lor the mste mterials listed below.
lllhe matedal is not EeneElcd in your cohhunity oryou do hotwantto analya it, leave
it blank or ehtea 0. Make surc thet the total quantity genehted equals the tobl quahtity manag€d

Paper

2. Descaibe ihe alternative managemlnl scerario for lh. mste malerials geneEted in the baseline
Any decrcase in geneiatioh shouH be edered in lhe Source Reduction column
Any increase in geneFtion should be enkrcd in the Source Reduction column as a negative value

the

Paper GeneraD
Paper (primarily residenlial)
Paper (primariv from offces)

Waste
Wasb (normeat)
Waste (reat onv)

PS

and Vegetables
ProduG

Trimmings

Plastics

Displays

Peripherals
Devices

Electroni6

cPUs
Elechonic Devices

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
M
NA
NA
NA
NA
NA
M
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
M
M

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
M
NA
NA
NA
NA
NA

NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Cans
lngot

Cens

[/etals

Concrete
shingles

Bricks

Lumber

lnsulation
Ash

Flooring
Flooring

Fiberboard

tons
Anaerobi6lly

Digested
Tms

Comorsled

NA
NA
NA
NA
NA
NA
NA
NA

NA
NT
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA

Tohs
Combustud

NA
NA
NA

NA

W
NA
NA

ffi$i

Tons
Landfilled

Tons
Recvcled

NA
NA
NA

NA

ffi#tiiw
M

NA

NA

NA

ttaleriatrype lm"teriat

Glass

lcorugaled cor
lMaqainevThii
lN"repape,
loffi* P"p",
lPhoneboob
lTevtnoos
lMixea eaper 19,

li,,lixed Paper (pr

Paper

Food Waste

Yard Trimhings

MD:ed Plastics

Eechoni6

lvletals

ti

Construction
Matedals

Tohs
Genenled Didested

Anaerobically

NA
NA
NA
NA
NA
NA
NA
NA

Tons
ComDosled

NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA

Tons
Cohbusted

NA
NA

NA
NA
NA

Tons
Lendfilled

Tons
Recycled

Tons Source
Reduced

NA
NA
NA
NA

Recyclable6
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I Mixed N4atedablMixed Orqani6
I lMixed Msw

ffiffi

MWIW
D-2 AMP Recycling Credits

NA

Please refer to the User's Guide ifvou need assisbnce comolet'nq this table-

Select state lorwhich you are conducting this analysis.

Plese selec't state or select nalional derage:

Region Localion: Pacifc

6a. lf your landtill has gas Ecovery, does it Ecoverlhe melhane foreneruy orllaE it?

collect gas aggEssively. The Califomia rcgulatory collection scenado allows useB to estimate and view lahdtill hanagehenl Esults based on califomia Egulatory rquirments.

NA
NA

Typcal
tllorskase
Aggressive

Califomia

Landfill 96 @lleclion etriciency ( ) *sumptions
Yeils G1: 016; Yeers 24: 5016; Yeils 5-14:75%; Yeats 15to 1 yeat be{@ fiml @vq: 82.5%: Fiml @vq: 90%
Yeffi G4: 096: YaB ,9: 5W; Yeffi lG14: 75%; Yefr 15 to 1 ye{ befoe tirel @vq: 82.5%; Final @ver 9096

Yeil 0: O%; Ye48 0.r2: 50%; Yearc 3-14 75%; Yeils 15 to I yeat befue frMl @vq: 82.506: FiMl @vs: 9096

Ye{ 0: 0%; Yeil 1 : 50%; Yeds 2-7: 80%: Ye6 8 to I yffit before fiml @vq: 85t6; Final @w: 9016

7. Which ofthe tollowing moislure conditions and associated bulk MSW decay Ete (k) most accuEtely describes the aveEge condilions at lhe landlill?

Dry (k=0.02)

Moderate (k=0.04)
wbt (k=0.06)

Bioteactor (k=0.12)

Natioml awage

Mo i st u rc @nditi @ as s M pli o n s
Less than 20 inc'Es of prccipitation pq yed
Belween 20 and 40 inches of Neipitation Ft year
Greatq than 10 irches ol p@ipitation pr year
Vyatq is added mdl the moisture @ntent reaches 40 percilt moisture on a wet weight basis
Weighted avdage based on the shile of w*te reeived at each lanffill type
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D-2 AMP Recycling Gredits
Analysis lnputs

Only onetype of dige$ion process (ret or dry) dn be modeled at atime in WARM.

ffi

tffiffi
8b. WARM assumes that digestale resulting frch anaerohic digestioh precesses will be applied to land. ln mahy cases,the digesbte is curcd befoE land applielion.

Selectwhetherthe digesbtd rcsulting trom youranaerobic dig€ster is curcd before land appli€iion.

trwl
ffiffiffir

transport di#nces torthe various MSW hanagement options.

9b. lf you have chosen to provide infomdion,elease filt ih the table belon Oistances should be f.oh the curb to the landfill, combusior, or matedal rccovery facility (MRF).
rPlease note thal ilyou chose to provide inlomalion, you must provide disbhces for both the baseliha and the alterndive scenados.

10. lf you wish to peEonalize your rcsuhs Epoil, inputyour hame & organizelion, and also specify lhe proiect period corrcsponding to lhe data you entercd above.

CongEtulationst You have fihished all the inputs.
A summary ol your rcsults awaits you on the sheel(s) titled "Summary Report."
For morc detaihd analyses oI rcsulls, seethe sheet(s) tifled'?nalysis Results."

Distance
fMiles)

Defauft
Dislance
{Miles)

m
20
m

Mahaqement ODtion
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GHG Emissions Analysis - Summary Reporl

GHG Emissions Waste Management Analysis lor AMP Recycling credits
Prepared by: Arcadis Team
Project Period for this Analysis: 01/00/00 to 01/00/01

GHG Emissions from Baselane Waste Management (MTCOTE):

0

0

0

0

0

0

0.00

D-2 AMP Recycling Credits
Summary Report (MTGO2E)

0.00 GHG Emissions trom Alternative Waste Management Scenario (MTco?E): (0.11)

(0.01

0

0

0

0

0

o

0

0

0

0

0

0

0

0

0

0

0

0

MTCO)E

{0.01'

0.00

0.00

0.00

0.00

0.00

0.00

0_00

0_00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

000

0.00

0.00
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NoE: a negative value (i-e., a value in patentheses, i4dic€tes ar efirssrbn rcduciion; a positive wlue
indiaates an emission in6ease.

a) For etplanation of methodology, see the EPA WARM Documentation:

Documenlalion Chapte6 for creenhouso cas Emission and Enarov FectoE Used in the Waste
Recucdon lvlodel {WARM)

- available on the lnternet at https://M.epa.govirarddocumentalion{hapte6{reenhouse{as-
emission-and+ne@y-factors-used+aste+eduction-model

b) Emissions estmates provjded by this model are intended lo suppod voluntary cHG measurehent and
repoding initialives.

c) The GHG ehissions results estimated in WARM indicate the full life-cycle benefits waste management
alte-natives. Due to the timing ofthe GHG emissions ftom the waste management pathways, (e.g.,
avoided landfilling and increased recycling), the actual GHG ihplications may accrue overthe long-term.
Therefo@, one should not interpret the cHG emissiohs implications as occuring all in one year, but rathel
through tme.

D-2 AMP Recycling Credits

Total Change in GHG Emissions (MTCqE): (0.11)

is equivalehtto...
annual emissions

0 Passenger Vehicles

12 Gallons ofGasoline

4 Cylinders ofPropane Used for lome Barbeques

0.00000% Annual CO2 emissjons ftom the U.S. tBnspofralion sector

0.00000% Annual

I o.oo I
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Appendix D-3: Ash Recycling Credits



'Eio 
15

D-3 Ash Recycling Credits

Waste Reduction Mode! (WARM) - lnputs

Use this worksheet to describe the baseline and alternatire waste management scenarios that you want to compaF, The blue shaded aras indi€te wheE you need to enler information.
Please enter data in shorttons (1 short ton = 2,000 lbs.)

1. Describe the baseline geneEtion and management for the waste materials listed below.
lfthe matedal is not geneEted in your community or you do not want to analyze it. leave
it blank or enter 0. Make sure that the total quan6ty geneEted equals the total quantity managed.

Contiainers
Mail

Paper

Paper (geneEl)
Paper (primarily residential)
Paper (primarily from oftices)

Waste
Waste (non-meat)

Waste (meat onM

and Vegetables
Products

Trimmings

2. Describe the alternative management scenario for the waste materials geneEted in the baseline.
Any decrease in geneEtion should be entered in the Source Reduction column-
Any increas in geneEtion should be entecd in the Source Reduction column as a negative vall
Make sure tlBt lhe total the total

Branches
HDPE
LDPE
PET
LLDPE
PP
PS

NA
NA
NA

NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA

CPUs
Electronic Devices

Plastics

Displays
Displays

Peripherals
Devices

Electronics
Cans
lngot

Cans
VVi.e

Metals

Concrete
Shingles

Carpet
Clay Bricks

Diqesled
Anaerobically

NA
NA
NA
NA
NA
NA
NA
NA
NA

Tons
Composted

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA

Tons
CombuslEd

NA
NA

Tons
Landfilled

Tons
Recvcled

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA

NA

NA

M aterial

Baoolastics

Material Type

Paper

Food Waste

Yad Trimmings

M xed Plastics

Electronics

Metals

Tons
GeneEted

Tons

Diqested
Anaercbically

NA
NA
NA
NA
NA
NA
NA
NA

Tons
Composted

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA

Tons
Combusted

NA
NA

Tons
L.ndfilled

Tons
Recycled

NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA

NA
NA
NA
NA

Tons Source
Reduced

NA
NA
NA
NA

Consltuction Dimensional Lumber
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NA

NAMixed Materials

D-3 Ash Recycling Credits

Landfill gas colleclion etriciency (:/6) assumptions
Yeare 0-1:00/6; Yea6 2-4:sOcA; YeaB rl4:750,6; YeaB 15to 1 y@rbefore frnal covet:82,59,6; Fiml cow 90%

YeaF 0-4: 0at6: Yearc U9: 50%; YeaB 10-14: 75%; YeaB 15 to 1 year before frMl cover 82.5e/6: Final cover 9o<%

Yeat 0: 0'/6: YeaB 0.5-2: 50o/6: Yea6 ?14: 75%; Yea6 15 to 1 year befoe linal cover: 82.596; Final cover 90

Materials Drywall
Fiberglass lnsulation
FlyAsh

Fiberboard
Flooring

Flooring

Mixed Recyclables
Organics

Select state for which you are conducting this analysis.

Region Location: Pacific

NA
NA
NA

NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
M
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA

ffi
ffiffi

6a. lf your landfill has gas recovery, does it recove. the methane for energy or flare il?

collect gas aggessively. The Califomia regulatory collection scenado allows useF to estimate and view landfill management rsults bGed on California regulator rquirments.

lffitt-ltffitl-l

Typical

Woret-case

Aggressive
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B***mffifrr{w#*ffi#F
D-3 Ash Recycling Gredits

Analysis lnputs
Year0:O :Year1:il ;YeaB2-7:8096:YeaEIb1Warhefoelinalcovec8596;Finalcoven90

Moistue condition assumptions
Less thil 20 inches of prc;pilatjon per year
*tween 20 and 40 inches of p@ipiation per year
G@ter than 40 irches ol pEcipiation per year
Water is added until the mobture content Eaches 40 percent moisture on a wet uteight basis
Weighted avenge based onthe slEE of wste eceived at each landfrll t/pe

7. Which ofthe following moisture conditions and associated bulk Msw decay rate (k) mosa accuEtely describes tlE aveEge conditions at the landfill?

Califomia

Dty (k=0.o2)

Modeate (k=0.04)

Wet (k=0.o6)

BioEactor (k=0-12)

National aveage

Only one type of digestion process (wet or dry) can be modeled at a time in WARM,

8b. WARM assumes that digestate resulting frcm anaercbic digestion processes will be applied to land. ln many cas6, the digestate is cured before land application-

Select whether the digestate resulting from your anaerobic digester is cured befoE land application.

transport distancs forthe various MSW management options.

9b. lfyou have chosen to prcvide information, please fill in the table below. Distanc6 should be frcm the curb to the landfil, combustor, or matedal recovery feility (lrRF).
*Please note that if you chose to provide infomation, you most prcvide distances for both the baseline and the altemative scenarios.

10. lf yoq wish to peFonalize your results reiort, input yout name & organization, and also speciFy the prcject period coresponding to the data you entered abre.

Distance
lMi16l

Default
Distance
tMilsl

20
20
20

Managemer* Option

Recycling
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congratulationsl You have finished all the inputs.
A summary of your results awaits you on the sheet{s) titled "Summary Report."
For more detailed analyses of results, see the sheet(s) titled "Analysis Results."

D-3 Ash Recycling Credits
Analvsis lnputs
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GHG Emissions Analysis - Summary Reporl

GHG Emissions Waste Management Analysis for Ash Recycling Credits
Prepared by: Arcadis Teah
Project Period for this Analysis: 01/00/00 to 01/00/0(

r,: r..-r,l ! .,. .:.;i::

GHG Emissions from Baseline Waste Management (MTCOTE):

0

0

0

D-3 Ash Recycling Credits
Summary Report (MTCO2E)

0.00 GHG Emissions from Alternattue Waste Management Scenario (MTCqE): (0.06)

o

0

0

o

0

0

0

0

0

1,.* *** ***.
i

I

I

'i.,.,.r ri::'i::rr.. r.ii l_

MTCO,E

(0.0t

0.00

0.00

0.00

0.00

0.00

00c

0.00

0.00

0.00

0.00

0.00

000
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Note: a negative value (i.e. , a value in parentheses) indicates an emi$ion teduc,tion; a positive value
indicates an emission inrease.

a) For etplanaton of methodology, see the EPA WARM Documentation:

Documentation Chaote6 for Greenhouse Gas Emission and En6rov FactoG Used in the Waste
Reduction Model (WARM)

- available on the lnternet at https://M.epa.govlrarrvdocuhenta!on{hapte6{reenhouse{as-
emission€nd€nergy-factoc-used-waste-reducton-model

b) Emissions eslimates prcvided by this model are intended to support voluntary GHG measurement and
repoding initiatives.

c) The GHG emissions resulb estimated in WARlvl indicate the full life-c1cle benefits waste management
atternatives. Due to the timing ofthe GHG emissions lrom the weste management pathways, (e.9.,
avoided landilling and increased recycling). the actual GHG implications may accrue over the long-term.
Therefore, one should not interpret the GHG emissions ihplications as occuring all in one year, but rather
through time.

D-3 Ash Recycling Gredits

Total Change in GHG Emissions (MTCqE):

I o.oo I

(0.07)

fhis is equivalentto,.,
lemoving annual emissions

0 PassengerVehicles

7 GallonsofGaso[ne

3 Cylinde6 ofPropane Used for Hofte Barbeques

lonseNing

lonserying

0.00000% Annual C02 emissions from the U.S. transpodalion sector

0-00000% Annual CG emissions from the U.S- eledricito sector
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Appendix D-4: US EPA WARM Model Emission Factors and
Assumptions



U.S. Environmental Protection Agency

Office of Resource Conservation and Recovery

Documentation for Greenhouse Gas Emission and

Energy Factors Used in the Waste Reduction Model
(wARM)

M o n a g e m ent P roctices Cha pte rs

May 20L9

Prepared by ICF

For the U.S. Environmental Protection Agency

Office of Resource Conservation and Recovery
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WARM Version L5 Combustion May 2019

5 COMBUSTION
This document presents an overview of combustion as a waste management strategy in relation

to the development of material-specific emission factors for EPA's Waste Reduction Model (WARM).
lncluded are estimates of the net greenhouse gas (GHG) emissions from combustion of most of the
materials considered in WARM and several categories of mixed waste.

5.1 A SUMMARY OF THE GHG IMPTICATIONS OF COMBUSTION

Combustion of municipal solid waste (MSW) results in emissions of COz and NzO. Note that COz
from combustion of biomass (such as paper products and yard trimmings) is not counted because it is
biogenic (as explained in the WARM Background and Overview chapter). WARM estimates emissions
from combustion of MSW in waste-to-energy (WTE) facilities. WARM does not consider any recovery of
rvtaterials from the MSW stream that may occur before MSW is delivered to the combustor.

ln the United States, about 80 WTE facilities process more than 30 million tons of MSW annually
(ERC, 2014). WTE facilities can be divided into three categories: (1) mass burn, (2) modular, and (3)
refuse-derived fuel (RDF). A mass burn facility generates electricity and/or steam from the combustion
of mixed MSW. Most of the facilities (76 percent) employ mass burn technology. Modular WTE plants
are generally smaller than mass burn plants, and are prefabricated off-site so that they can be
assembled quickly where they are needed. Because of their similarity to mass burn facilities, modular
facilities are treated as part of the mass burn category for the purposes of this analysis.

An RDF facility combusts MSW that has undergone varying degrees of processing, from simple
removal of bulky and noncombustible items to more complex processes (such as shredding and material
recovery)that result in a finely divided fuel. Processing MSW into RDF yields a more uniform fuelthat
has a higher heating value than that used by mass burn or modular WTE. MSW processing into RDF
involves both manualand mechanicalseparation to remove materials such as glass and metals that have
little or no fuelvalue. ln the United States, approximately 14 facilities combust RDF (ERC, 2010).

This study analyzed the net GHG emissions from combustion of all individual and mixed waste
streams in WARM at mass burn and RDF facilities, with the exception of asphalt concrete, drywall, and
fiberglass insulation. These three nraterials were exclucJed because EPA determined that they are not
typically combusted at end of life. Note that WARM incorporates only the emission factors for mass
burn facilities, due to (1)the relatively small number of RDF facilities in the United States and (2)the
fact that the RDF emission factors are based on data from only one RDF facility.

Net emissions consist of (1-) emissions from the transportation of waste to a combustion facility,
(2) emissions of non-biogenic COz, and (3) emissions of NzO minus (4) avoided GHG emissions from the
electric utility sector and (5) avoided GHG emissions due to the recovery and recycling of ferrous metals
at the combustor. There is some evidence that as combustor ash ages, it absorbs COz from the
atmosphere. However, EPA did not count absorbed COz because the quantity is estimated to be less
than 0'02 MTCozE per ton of MSW combusted.26 The results of this analysis for the materials contained
in WARM and the explanations for each of these results are discussed in section 5.3.27

26 Based on data provided by Dr. Jurgen Vehlow of the lnstitut f0r Technische Chemie in Karlsruhe, Germany, EpA
estimated that the ash from one ton of MSW would absorb roughly 0.004 MTCE of coz.
27 Note that Exhibit 5-1, Exhibit 5-2, and Exhibit 5-6 do not show mixed paper. Mixed paper is shown in the
summary exhibit. The summary values for mixed paper are based on the proportions of the four paper types
(newspaper, office paper, corrugated containers, and magazines/third-class mail) that make up the different
"mixed paper" definitions.
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5.2 CALCULATING THE GHG IMPACTS OF COMBUSTION

This study's general approach was to estimate (1) the gross emissions of COz and NzO from

MSW combustion (including emissions from transportation of waste to the combustor and ash from the

combustorto a landfill)and (2)the COz emissions avoided because of displaced electric utility
generation and decreased energy requirementsfor production processes using recycled inputs. A

comprehensive evaluation would also consider the fate of carbon remaining in combustor ash.

Depending on its chemicalform, carbon may be aerobically degraded to COz, anaerobically degraded to
CHa, or remain in a relatively inert form and be stored. Unless the ash carbon is converted to CHq (which

EPA considers unlikely), the effect on the net GHG emissions will be very small. To obtain an estimate of

the net GHG emissions from MSW combustion, the GHG emissions avoided were subtracted from the

direct GHG emissions. EPA estimated the net GHG emissions from waste combustion per ton of mixed

MSW and per ton of each selected material in MSW. The remainder of this section describes how EPA

developed these estimates.

5.2.1 Emissions of COz from WTE Facilities

The carbon in MSW has two distinct origins: some of it is derived from sustainably harvested

biomass (i.e., carbon in plant matterthat was converted from COz in the atmosphere through

photosynthesis), and the remainder is from non-biomass sources, e.g., plastic and synthetic rubber

derived from petroleum.

As explained in the WARM Background and Overview chapter, WARM considers only COz that

derives from fossilsources and does not consider biogenic COz emissions. Therefore, only COz emissions

from the combustion of non-biomass components of MSW-plastic, textiles and rubber-were counted.

These components make up a relatively small share of total MSW, so only a small portion of the total
COz emissions from combustion are considered in WARM.

To estimate the non-biogenic carbon content of the plastics, textiles, rubber and leather

contained in one ton of mixed MSW, EPA first established assumptions for the non-biogenic share of

carbon in these materials. For plastics in products in MSW, EPA assumed that all carbon is non-biogenic

carbon, because biogenic plastics likely make up a small but unknown portion of products. For rubber

and leather products in MSW, EPA assumed that the non-biogenic share of carbon contained in clothing

and footwear is 25 percent; this assumption is based on expert judgment. The non-biogenic share of

carbon in containers, packaging, and other durables is L00 percent; and the non-biogenic share of

carbon in other nondurables is 75 percent (EPA,2010). Fortextile products in MSW, EPA assumed that
the non-biogenic share of carbon is 55 percent (DeZan, 2000). EPA then calculated the non-biogenic

carbon content of each of these materialgroups. For plastics in products in MSW, EPA used the
molecular formula of each resin type to assume that PET is 63 percent carbon; PVC is 38 percent carbon;

polystyrene is 92 percent carbon; HDPE, LDPE, and polypropylene are 86 percent carbon; and a

weighted average of all other resins is 66 percent carbon (by weight). Based on the amount of each

plastic discarded in 2015 (EPA, 2018), EPA calculated a weighted carbon content of 78 percent for
plastics in mixed MSW. For rubber and leather products, EPA used the weighted average carbon content

of rubbers consumed in 2002 to estimate a carbon content of 85 percent (by weight) for rubber and

leather products in mixed MSW. For textiles, EPA used the average carbon content of the four main

synthetic fiber types to estimate a carbon content of 70 percent (by weight) for textiles in mixed MSW.

Next, using data from BioCycle's The State of Gorbage in America (Van Haaren et al., 2010), EPA

assumed that seven percent of discards are combusted in the United States. Data from BioCycle is used

instead of EPA's Advancing Sustoinable Moteriols Manogement: Focts and Figures report (EPA, 2018a),

because it is based offof direct reporting, and provides a more accurate representation of the amount

5-2



WARM Version 15 Combustion May 2019

of materials discarded at WTE facilities. Additionally, these data are also used in order to maintain
consistency with the data source used in EPA's annual lnventory of U.S. Greenhouse Gas Emissions and
Sinks report. Based on these assumptions, EPA estimated that there are 0.10 tons of non-biogenic
carbon in the plastic, textiles, rubber and leather contained in one ton of mixed MSW (EPA, 2018a; Van
Haaren et al., 201-0).

Thc L0 percent non-biomass carbon content of mixed MSW was then corrverted to units of
MTCOzE per short ton of mixed MSW combusted. The resulting value for mixed MSW is shown in Exhibit
5-1-. Note that if EPA had used a best-case assumption fortextiles (i.e., assuming that they have no
petrochemical-based fibers), the resulting value for mixed MSW would have been slightly lower. The
valucs for COz emissions are shown in column (b) of Exhibit 5-1.

Exhibit 5-1: Gross GHG Emissions from MSW Combustion (MTCOzE/Short Ton of Material Combusted
(a)

Material

(b)

Combustion COz

Emissions from Non-
Biomass per Short Ton

Combusted

(c)

Combustion NzO

Emissions per

Short Ton
Combusted

(d)

Transportation
CO2 Emissions per

Short Ton
Combusted

(e)

Gross GHG Emissions
per Short Ton
Combusted

(e=b+c+d)
Aluminum Cans 0.01 0.01
Aluminum lngot 0.01 0.01
Steel Cans 0.01 0.01
Copper Wire 0.01 0.01
Glass 0.01 0.01
H DPE 2.79 0.01 2.80
LDPE 2.79 0.01 2.80
PtT 2.04 0.01 2.05
LLDPE 2.79 0,0r. 2.80
PP 2.79 0.01" 2.80
PS 3.01 0.01 3.02
PVC t.25 0,01 L.26
PLA 0.01 0.01
Corrugated Containers 0.04 0.01 0.05
Magazines/Third-Class Mail 0.05
Newspaper

0.04

0.04

0.01

0.01 0.0s
Office Paper 0.04 0.0r" 0.05
Phone Booksa 0.04 0.01 0.05
Textbooksa 0.04 0,01 0.05
Dimensional Lumber 0.04 0.01 0.0s
Medium-Density Fiberboard 0.04 0.01 0.05
Food Waste 0.04 0.01 0.05
Food Waste (meat onlv) 0.04 0.01 0.05
Food Waste (non-meat) 0.04 0.01 0.0s
Beef 0.04 0.0L 0.0s
Poultry 0.04 0.01 0.05
Grains 0.04 0.01 0.0s
Bread 0.04 0.01 0.05
Fruits and Vegetables 0.04 0.01 0.0s
DairV Products 0.04 0.01 0.05
Yard Trimmings 0.04 0.01 0.0s
Grass 0.04 0.01 0.05
Leaves 0.04 0.01 0.05
Branches 0.04 0.01 0.0s
Mixed Paper (general) 0.04 0.01 0.05
Mixed Paper (primarily
residentia I ) 0.04 0.01 0.0s
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- =zero emissions.
Note that totals may not add due to rounding, and more digits may be displayed than are significant.

"The values for phone books and textbooks are proxies, based on newspaper and office paper, respectively

5.2.2 Emissions of NzO from WTE Facilities

Studies compiled by the lntergovernmental Panel on Climate Change (IPCC) show that MSW

combustion results in measurable emissions of NzO, a GHG with a global warming potential (GWP) 298

times that of COz (EPA, 2018a; IPCC,2007; IPCC,2006). The IPCC compiled reported ranges of NzO

emissions, per metric ton of waste combusted, from six classifications of MSW combustors. This study

averaged the midpoints of each range and converted the units to MTCOzE of NzO per ton of MSW' The

resulting estimate is 0.04 MTCOzE of NzO emissions per ton of mixed MSW combusted. Because the

IPCC did not report NzO values for combustion of individual components of MSW, EPA used the 0.04

value not only for mixed MSW, but also as a proxy for all components of MSW, except for aluminum

cans, steel cans, glass, HDPE, LDPE, and PET. This exception was made because atthe relatively low

combustion temperatures found in MSW combustors, most of the nitrogen in NzO emissions is derived

from the waste, not from the combustion air, Because aluminum and steel cans, glass, and plastics do

not contain nitrogen, EPA concluded that running these materials through an MSW combustor would

not result in NzO emissions.

5.2.3 Emissions of COz from Transportation of Waste and Ash

WARM includes emissions associated with transporting of waste and the subsequent

transportation of the residual waste ash to the landfill. Transportation energy emissions occur when

(a)

Material

(b)

Combustion COz

Emissions from Non-
Biomass per Short Ton

Combusted

(c)

€ombustion NzO

Emissions per

Short Ton
Combusted

(d)

Transportation
CO2 Emissions per

Short Ton
Combusted

(e)

Gross GHG Emissions
per Short Ton

Combusted
(e=b+c+d)

Mixed Paper (primarily from
offices) 0.04 0,01 0.05

Mixed Metals 0.01 0.0r.

Mixed Plastics 2.33 0.01 2.34

Mixed Recyclables 0.07 0.03 0.01 0.11

Mixed Organics 0.04 0.01 0.05

Mixed MSW 0.38 0.04 0.01 0.43

Carpet 7.67 0.01 1.68

Desktop CPUs 0.40 0.01 0.40

Portable Electronic Devices 0.88 0.01 0.89

Flat-panel DisplaVs o.73 0.01 0.74

CRT Displays 0.63 0.01 0.64

Electronic Peripheral 2.22 0.01 2.23

Hard-copV Devices 1.91 0.01 r.92

Mixed Electronics 0.86 0.01 0.87

Clav Bricks NA NA NA NA

Concrete NA NA NA NA

Fly Ash NA NA NA NA

Tires 2.20 0.01 2.2t

Asphalt Concrete NA NA NA NA

Asphalt Shingles 0.65 0.04 0.01 0.70

Drywall NA NA NA NA

Fiberglass lnsulation NA NA NA NA

Vinvl Floorine 0.28 0.01 0.29

Wood Flooring 0.04 0.05 0.08
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fossil fuels are combusted to collect and transport materialto the combustion facility and then to
operate on-site equipment. Transportation of any individual material in MSW is assumed to use the
same amount of energy as transportation of mixed MSW. To calculate the emissions, WARM relies on
assumptions from FAL (1994) for the equipment emissions and NREL's US Life Cycle lnventory Database
(uslcl) (NREL, 2015). The NREL emission factor assumes a diesel, short-haul truck.

5.2.4 Estimating Utility COz Emissions Avoided

Most WTE plants in the United States produce electricity. Only a few cogenerate electricity and
steam. ln this analysis, EPA assumed that the energy recovered with MSW combustion would be in the
form of electricity, with the exception of two materials that are not assumed to be combusted at WTE
plants. Fortires, the avoided utility COz emissions perton of tires combusted is based on the weighted
average of three tire combustion pathways: combustion at cement kilns, power plants, and pulp and
paper mills. For asphalt shingles, the avoided utility COz emissions per ton of shingles combusted is
equal to the amount of avoided refinery gas combusted at cernerrt kilns where asphalt shingles are
combusted. The avoided utility COz emissions analysis is shown in Exhibit 5-2, EPA usecl thrcc data
elements to estimate the avoided electric utility COz emissions associated with combustion of waste in a
WTE plant: (1) the energy content of mixed MSW and of each separate waste material considered, (2)
the combustion system efficiency in converting energy in MSW to delivered electricity, and (3) the
electric utility COz emissions avoided per kilowatt-hour (kWh) of electricity delivered by WTE plants.

Exhibit 5-2r Avoided Util GHG Emissions from Combustion at WTE Facilities

Material
Combusted

(a)

Energy

Content
(Million Btu

Per Ton)

(b) (e)

Emission

Factor for
Utility-

Generated
Electricityu
(MTCO2E/

Million Btu of
Electricity
Delivered)

Avoided Utility
GHG Emissions

per Ton
Combusted at

Mass Burn
Faci litiesa
(MTCOzE)

(f=bxcxe)

(f)

Avoided Utility
CO2 per Ton

Combusted at
RDF Facilities

(MTCO2E)

(g=bxdxe)

(e)

Aluminum Cans -0.67b

Mass Burn
Combustion

System
efficiency (%)

r7.80/.

(c)

RDF

Combus-

tion System
Efficiency

%t

(d)

L6.3% 0.21. -0.03 -0.02
Aluminum lncot -0,67 17.8% 16.3% 0.21 -0.03 -o.o2
Steel Cans -o.42b 17.8% 16.3% o.2r -0.02 -0.01
Copper Wire -0.55c 17.8% 1.6.3% o.2r -0.02 -0.02
Glass -0.47b 17.8% L6.3% 0.2r -0.02 -0.02
HDPE 39.97d t7.B% 1.6.3% 0.2r t.52 1.3B
LDPE 39.75d 17.8% 16.3% 0.21 r".51 1.38
PET 21.20 L7.8% 1.63% 0.2r 0.80 0.73
LLDPE 39.89 t7.8% 1.63% o.2r 1.51 1.38
PP 39.90 T78% 1.6.3% 0.2L 1.51 1.38
PS 36.00 17.8% t6.3% 0.2r L.37 r.25
PVC 15.75 17.8% 16.3% 0.2r 0.60 0.s5
PLA 16.7 4 t7.8% 1.63% 0.2r 0.64 0.58
Corrugated
Containers 14.09d 17.8% t6.3% o.21 0.53 o.49
Magazines/Third-
Class Mail t0.52d 17.8% 1.63% 0.2r 0.40 0.36
Newspaper 15.90d t78% 1.63% 0.21, 0,60 0.55
Office Paper 13.60d 17.8% 16.3% o.2t 0.52 0.47
Phone Books 1-5.90d 178% t6.3% o.21 0.60 0.55
Textbooks 13.60d 17.8% 1.6.3% 0.21 0.52 0.47
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(a)

Material
Combusted

(b)

Energy

Content
(Million Btu

Per Ton)

(c)

Mass Burn
Combustion

System
Efficiencv (%)

(d)

RDF

Combus-
tion System

Efficiency
(%l

(e)

Emission

Factor for
Utility-

Generated
Electricitya
(MTCOzE/

Million Btu of
Electricity
Delivered)

(f)

Avoided Utility
GHG Emissions

per Ton
Combusted at

Mass Burn
Faci litiesu
(MTCOzE)

(f=bxcxe)

(e)

Avoided Utility
COz per Ton

Combusted at
RDF Facilities

(MTCOzE)

(g=bxdxe)
Dimensional
Lumber 16.60f 17.8% 1,63% 0.27 n Ea

Medium-Density
Fiberboard 16.60f 17.8% 16.3% 0.21 0.58

Food Waste 4.74d r7.8% 16.3% 0.21 0.18 0.16

Food Waste (meat

onlv) 4.74d 77.8% 16.3% 0.21. 0.1-B 0.16

Food Waste (non-

meat) 4.74d 17.8% 76.3% o.2t 0.18 0.16

Beef 4.74d 17.8o/o t63% o.21. 0.18 0.16

Poultrv 4.74d 17.8% 1,6.3% 0.21" 0.1-8 0.16

Grains 4.74d 77.8% 16.3% 0.21" 0.18 0.16

Bread 4.74d 17.8% 1,6.3% 0.21 0.18 0.16

Fruits and

Vegetables 4.74d t7.B% 1.63% o.2l 0.18 0.16

Dairy Products 4.74d 17.8% 1,6.3% 0.21 0.18 0.16

Yard Trimmines 5.60c 17.8o/o 163% 0.21 o.2r 0.19

Grass 5.60c 77.8% 1"6.3% 0.2t o.2L 0.19

Leaves 5.60e 17.8% 16.3% 0.21. o.2r 0.19

Eranches 5.60s 17.8% t6.3% 0.21 o.2r 0.19

Mixed Paper
(seneral) NA 17.8% 16.3% 0.2r 0.54 NA

Mixed Paper
(primarily
residentia l) NA 17.8% 16.3% 0.2r 0.53 NA

Mixed Paper
(primarily from
offices) NA 17.B% 1,63% 0.21 o.49 NA

Mixed Metals NA 17.8% 16.3% 0.2t -0.02 NA

Mixed Plastics NA 7t.8% 76.3% 0.21 1.09 NA

Mixed Recyclables NA 77.8% 1,6.3% 0.2r 0.50 NA

Mixed Orqanics NA 77.8% 163% 0.2r o.20 NA

Mixed MSW 10.00h 17.8% 163% 0.21 0.38 0.35

Carpet 15.20i 17.8% 16.3o/o o.2t 0.58 0.s3

Desktop CPUs 3.O7 t7.8% 1,6.3% o.27 o.12 0.11

Portable Electronic
Devices

3.O7

17.8% t6.3% 0.2r 0.L2 0.11

Flat-panel Displavs 3.O7 173% t6.3% 0.2r 0.r2 0.11

CRT Displays 3.O7 17.8% 16.3o/o 0.21 0.12 0.11

E lectronic
Peripherals

3.07
t7.8% 16.3o/o 0.2r o.t2 0.11

Hard-copv Devices 3.07 t7.B% 16.3% 0.21 o.72 0.11

Mixed Electronics 3.07 17.8% 1,6.3% 0.2! 0.r2 0.11

Clay Bricks NA NA NA NA NA NA

Concrete NA NA NA NA NA NA

Flv Ash NA NA NA NA NA NA

Tires 27.78j NA NA NA 1..57 1..57
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NA -- Not applicable.
Note that totals may not add due to rounding, and more digits may be displayed than are slgnificant.
" The values in this column are based on national average emissions from utility generated electricity. The Excel version of WARIVI also allows
users to choose region-specific utility-generated factors, which are contained in Exhibit 5-4.
b EPA developed these estimates based on data on the specific heat of aluminum, steel, and glass and calculated the energy required to raise
the temperature of aluminum, steel, and glass from ambient temperature to the temperature found in a combustor (about 750' Celsius), based
on lncropera and DeWitt (1990).

" Average of aluminum and steel.
d Source: EPA (1995). "Magazines" used as proxy for magazines/third-class mail; "mixed paper" used as a proxy for the value for office paper
and textbooks; "newspapers" used as a proxy for phone books.
e Source: Gaines and Stodolsky (1993).
r EPA used the higher end of the MMBtu factor for basswood from the USDA-FS. Basswood is a relatively soft wood, so its high-end MMBtu
content should be similar to an average factor for all wood types (Fons et al,, 1962),
c Proctor and Redfern, Ltd. and ORTECH lnternational (1993).
h Source: IWSA and American Ref-Fuel (personal communication, October 28, 1997). Mixed MSW represents the entire waste stream as
disposed of.
iSource: Realff, M. (2010).
jTires used as tire-derived fuel substitute for coal in cement kilns and electric utilities; used as a substitute for natural gas in pulp and paper
facilities. Therefore, columns (d) through (h) are a weighted average of multiple tire combustion pathways, and are not calculated in the same
manner as the other materials and products in the table.
kThe avoided utility GHG emissions are assumed to equal avoided cement kiln refinery gas combustion, so this factor is not used.
rAssumes avoided cement kiln refinery gas combustion.

' Bergman and Bowe (2008), Table 3, p. 454. Note that this is in agreement with values already in WARM for lumber and medium-density
fi berboard,
n Based on average heat rate of U.S. dedicated biomass electricity plants.

5,2.4.1 Energy Content

The energy content of each of the combustible materials in WARM is contained in column (b) of
Exhibit 5-2. For the energy content of mixed MSW, EPA used a value of 10.0 million Btu (MMBtu) per
short ton of mixed MSW combusted, which is a value commonly used in the WTE industry (IWSA and
American Ref-Fuel, 1997). This estimate is within the range of values (9.0 to 13.0 MMBtu per ton)
reported by FAL (1994) and is slightly higher than the 9.6 MMBtu per ton value reported in EPA's MStzll
Fact Book (EPA, 1995). Forthe energy content of RDF, a value of tt.4 MMBtu perton of RDF combusted
was used (Harrington, 1-997). This estimate is within the range of values (9.6 to 12,8 MMBtu perton)
reported by the DOE's National Renewable Energy Laboratory (NREL, 1992). For the energy content of
specific materials in MSW, EPA consulted three sources: (L) EPA's MSW Fact Book (1995), a compilation
of data from primary sources, (2) a report by Environment Canada (Procter and Redfern, Ltd. and
ORTECH lnternational, 1993), and (3) a report by Argonne National Laboratories (Gaines and Stodolsky,
1993), EPA assumed that the energy contents reported in the first two of these sources were for

(a)

Material
Combusted

(b)

Energy

Content
(Million Btu

Per Ton)

(c)

Mass Burn
Combustion

System
Efficiency (%)

(d)

RDF

Combus-

tion System
Efficiency

t%l

(e)

Emission

Factor for
Utility-

Generated
Electricity"
(MTCO2E/

Million Btu of
Electricity
Delivered)

(f)

Avoided Utility
GHG Emissions

per Ton
Combusted at

Mass Burn
Facilitiesa
(MTcozE)

(f=[xsxq)

(c)

Avoided Utility
CO2 per Ton

Combusted at
RDF Facilities

(MTCOTE)

(g=bxdxe)
Asphalt Concrete NA NA NA NA NA NA
Asphalt Shingles 8.80 NAK NAK NAK 1.,0sr 1.051
Drywall NA NA NA NA NA NA
Fiberglass

lnsulation NA NA NA NA NA NA
Vinvl Floorine 15.75 17.8% 16.3% 0.21 0.50 0,55

o.62Wood Flooring 17.99m 21,.5%n t6.3% o.21 0.82
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materials with moisture contents typically found for the materials in MSW (the sources imply this but do

not explicitly state it). The Argonne study reports energy content on a dry weight basis.

5.2.4.2 CombustionSystem Efficiency

To estimate the combustion system efficiency of mass burn plants, EPA used a net value of 550

kWh generated by mass burn plants per ton of mixed MSW combusted (Zannes,1997).

To estimate the combustion system efficiency of RDF plants, EPA evaluated three sources: (1)

data supplied by an RDF processing facility located in Newport, MN (Harrington, 1997); (2) the

lntegrated Waste Services Association report, The 2000 Woste-to-Energy Directory: Year 2000 (lWSA,

2000); and (3) the National Renewable Energy Laboratory (NREL, 1992). EPA used the Newport

Processing Facility's reported net value of 572 kWh generated per ton of RDF for two reasons. First, this
value is within the range of values reported by the other sources. Second, the Newport Processing

Facility provides a complete set of data for evaluating the overall system efficiency of an RDF plant. The

net energy value reported accounts for the estimated energy required to process MSW into RDF and the
estimated energy consumed by the RDF combustion facility, The dataset includes estimates on the
composition and amount of MSW delivered to the processing facility, as well as estimates for the heat

value of RDF, the amount of energy required to process MSW into RDF, and the amount of energy used

to operate the RDF facility.

Next, EPA considered losses in transmission and distribution of electricity specific to WTE

combustion facilities. The U.S. average transmission and distribution ("line") loss rate is about nine

percent, although for some facilities or cities, this rate may be lower. According to IWSA and American

Ref-Fuel (1997), this rate could be as low as four percent. IWSA supports a five percent line loss rate,

and for purposes of this analysis, we assume this value. Using the five percent loss rate, EPA estimated

that 523 kWh are delivered perton of waste combusted at mass burn facilities, and 544 kWh are

delivered per ton of waste input at RDF facilities.

EPA then used the value for the delivered kWh per ton of waste combusted to derive the
implicit combustion system efficiency (i.e., the percentage of energy in the waste that is ultimately
delivered in the form of electricity). To determine this efficiency, we estimate the MMBtu of MSW

needed to deliver one kWh of electricity. EPA divided the MMBtu per ton of waste by the deliryered kWh

per ton of waste to obtain the MMBtu of waste per delivered kWh. The result is 0.0191 MMBtu per kWh

for mass burn and 0.021-0 MMBtu per kWh for RDF. The physical constant for the energy in one kWh

(0.0034 MMBtu) is then divided by the MMBtu of MSW and RDF needed to deliver one kWh, to estimate
the total system efficiency at L7.8 percent for mass burn and L6.3 percent for RDF (see Exhibit 5-2,

columns (d) and (e)). Note that the total system efficiency is the efficiency of translating the energy

content of the fuel into the energy content of delivered electricity. The estimated system efficiencies of
L7.8 and 16.3 percent reflect losses in (1) converting energy in the fuel into steam, (2) converting energy

in steam into electricity, and (3) delivering electricity.

5.2.4.3 Electric Utility Carbon Emissions Avoided

To estimate the avoided utility GHG emissions from waste combustion, EPA used "non-

baseload" emission factors from EPA's Emissions and Generation Resource lntegrated Database (eGRlD)

EPA made the decision to use non-baseload factors rather than a national average of only fossil-fuel

5-8



WARM Version 15 Combustion May 2019

plants28 because the non-baseload emission rates provide a more accurate estimate of the marginal
emissions rate. The non-baseload rates scale emissions from generating units based on their capacity
factor. Plants that run at more than 80 percent capacity are considered "baseload" generation and not
included in the "non-baseload" emission factor; a share of generation from plants that run between 80
percent and 20 percent capacity is included in the emission factor based on a "linear relationship," and
all plants with capacity factors below 20 percent are included (E.H. Pechan & Associates, 2006).

ln order to capture the regional differences in the emissions rate due to the variation in sonrces
of electricity generation, WARM first uses state-level eGRID non-baseload emission factors and
aggregates them into weighted average regionalemission factors based on fossil-fuel-only state
electricity generation. The geographic regions are based on U.S. Census Bureau-designated areas.
Exhibit 5-3 contains a map, prepared bythe U,S. Census Bureau, of the nine regions. Exhihit 5-4 shows
the nationalaverage eGRID emission factor and the factors for each of the nine geographic regions. ln
addition to the calculated regional non-baseload emission factors, EPA also utilized eGRID's national
non-baseload emission factor to represent the national average non-baseload avoided utility emission
factor. lhe resulting non-baseload regional and national average estimates for utility carbon emissions
avoided foreach materialat mass burn facilities are shown in Exhibit 5-5. Columns (g)and (h),
respectively, of Exhibit 5-2 show the national average estimates for mass burn and RDF facilities.

Exhibit 5-3: Electric Uti Used in WARM

Source: U.5. Census Bureau (2009).

28While coal accounts for 33 percent of U.S. primary energy consumption-and 56 percent of fossil-fuel
consumption-in the electricity sector, these plants may serve as baseload power with marginal changes in
electricity supply met by natural gas plants in some areas (ElA, 2018), Natural gas plants have a much lower
emissions rate than the coal-dominated national average of fossil-fuel plants.
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Resion
Emission Factors for Utility-Generated Electricitya

(MTCOzE/Million Btu of Electricity Delivered)

0.221National Average
0.151Pacific

Mountain 0.230
0.294West-North Central
0.193West-South Central

East-North Central 0.265

0.237East-South Central
0.156New England

Middle Atlantic 0.203

0.231.South Atlantic
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Exhibit 5-4: Avoided Uti Emission Factors R

" lncludes transmission and distributions losses, which are assumed to be 5.8% (ErA, 2018)

Exhibit 5-5: Avoided Utility GHG Emissions at Mass Burn Facilities by Region (MTCOzE/Short Ton of Material

South
Atlantic

West-
South

Central

East-

North
Central

East-

South
Central

New
England

Middle
Atlantic

National
Average Pacific

Mount-
atn

West-
North

Central
Material

Combusted
-0.03 -0.02 -o.o2 -0.02-o.02 0.03 -0.03 -o.02 -0.03Aluminum Cans -0.03
-0.03 -0.02 -0.02 -o.02-0.03 -0.03 -o.o2 -0.03Aluminum lneot -0.03 -0.02

-0.01 -0.02-0.01 -0.02 -0.02 -0.0L-o.02 -0.01 -o.o2 -o.02Steel Cans
-0.02-0.03 -0.02 -0.01 -0.02-0.0L -0.02 -0.03 -o.02Copper Wire -0.02

-0.02 -0.01 -o.02 -0.02-0.02 -0.02 -0.02 -0.02Glass -0.02 -0.01"

L.01 1.38 'J..4721.94 t.42 1..94 1".57t.52 t.o2 t.66HDPE
1.38 1.461..4L 1.93 1.56 1.001.51 1.O2 1.65 1.93LDPE

1.03 0.83 0.s3 0.73 o.780.54 0.88 1.03 0.75PET 0.80
t.57 1.00 1.38 r.47r.66 1.93 r.41. 1,.94LLDPE r-.51 r.02

1.00 r..38 L.471.93 1..4r 1.94 t.571.51 1..02 1.66PP

t.432r.27 L.75 L.41. 0.91 r.25t.37 0.92 1,.50 1..7 4PS

o.77 0.62 0.40 0.54 0.580.40 0.66 o.76 0.56PVC 0.60
0.66 0.42 0.s8 0.610.70 0.81 0.59 0.81PLA o.64 0.43

0.35 0.49 0.s20.68 0.50 0.68 0.550.53 0,36 0,59
Corrugated
Containers

0.26 0.36 0.390.51 o.37 0.51 0.410.40 0.27 0.44
Magazines/Third-
Class Mail

0.580.56 0.77 o.62 0.40 0.550.60 o.4r 0.66 0.77Newspaper
0.66 0.53 0.34 0.47 0.500.35 0.57 0.55 0.48Office Paper 0.52

0.40 0.5s 0.sBo.77 0.56 0.77 0.620.60 0.41. 0.66Phone Books
0.47 0.s00.48 0.66 0.53 0.340.s2 0.35 0.57 0.66Textbooks

0.610.59 0.81 0.55 0.42 0.570.63 o.42 0.69 0.80
Dimensional
Lumber

0.610.59 0.81 0.65 0.42 0.570.63 o.42 0.69 0.80
Medium-Density
Fiberboard

0.23 0.19 0.t2 0.15 0.t70.12 0.20 0.23 0.r7Food Waste 0.18

0.23 0.19 0.L2 0.16 0.170.12 o.20 o.23 0.r7
Food Waste
(meat onlv) 0.18

0.19 0.t2 0.16 0.170.20 0.23 0.t7 0.23
Food Waste
(non-meat) 0.18 0.r2

0.16 0.r70.23 0.t7 0.23 0.19 0.t20.18 0.1.2 0.20Beef
0.r70.r7 0.23 0.19 0.t2 0.160.r2 0.20 0.23Poultrv 0.18

0.19 0.t2 0.16 0.r70.20 o.23 U,II 0.23Grains 0.18 0.L2
0.L2 0.16 0.217o.23 o.77 n?? 0.190.18 0.r2 0.20Bread

0.t2 0.16 0.17o.23 o.77 0.23 0.190.18 0.12 0.20
Fruits and

Vegetables
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Note that the "National Average" column is also represented in column (g) of Exhibit 5-2.
"Assumes weighted average avoided utility GHG emissions for multiple tire combustion pathways,
b Assumes avoided cement kiln refinery gas combustion.

5.2.5 Avoided COz Emissions Due to Steel Recycling

WARM estimates the avoided COz emissions from increased steel recycling made possible by
steel recovery from WTE plants for steel cans, mixed MSW, electronics, and tires. Most MSW combusted
with energy recovery in the United States is combusted at WTE plants that recoverferrous metals (c.g.,
iron and steel).2s Note that EPA does not credit increased recycling of nonferrous materials due to a lack
of data on the proportions of those materials being recovered. Therefore, the result tends to
overestimate net GHG emissions from combustion.

For mixed MSW, EPA estimated the amount of steel recovered per ton of mixed MSW
combusted, based on (1) the amount of MSW combusted in the United States, and (2) the amount of
steel recovered, post-combustion. Ferrous metals are recovered at approximately 98 percent of WTE
facilities in the United States (Bahor,2010) and at five RDF processing facilities that do not generate
power on-site. These facilities recovered a total of nearly 706,000 short tons per year of ferrous metals
in 2004 (IWSA, 2004). By dividing 706,000 short tons (total U.S. steel recovery at combustors) by total
U.S. combustion of MSW, which is 28.5 million tons (Van Haaren al.,2OL0), EPA estimated that 0.02
short tons of steel are recovered per short ton of mixed MSW combusted (as a national average).

For steel cans, EPA first estimated the national average proportion of steel cans entering WTE
plants that would be recovered. As noted above, approximately 98 percent of MSW destined for
combustion goes to facilities with a ferrous recovery system. At these plants, approximately 90 percent

2s EPA did not consider any recovery of materials from the MSW stream that might occur before MSW is delivered
to the combustor. EPA considered such prior recovery to be unrelated to the combustion operation-unlike the
recovery of steel from combustor ash, an activitythat is an integral part of the operation of many combustors.

Material
Combusted

National
Average Pacific

Mount-
ain

West-
North

Central

West-
South

Central

East-
North

Central

East-

South
Central

New
England

Middle
Atlantic

South
Atlantic

Dairy Products 0.18 o.1.2 0.20 o.23 0.L7 0.23 0.19 o.r2 0.1.6 0.!7
Yard Trimmings 0.21 0.14 0.23 0.27 0.20 0.27 0.22 0.1.4 0.19 o.2r
Mixed MSW 0.38 0.26 0.42 0.48 0.35 o.49 0.39 0.25 0.35 0.37
Carpet 0.58 0.39 0.63

0.13

o.74 0.54 0.74 0.60 0.38 0.53 0.s6

Desktop CPUs 0.r2 0.0B 0.Ls 0.11 0.15 0.r2 0.08 0.11- 0.11
Portable
E lectron ic

Devices 0.r2 0.08 0.13 0.15 0.1L 0.15 0.r2 0.08 0.11 0.11
flat-panel
Displavs o.r2 0.08 0.13 0.15

0.1s

0.11

0. L1

0.15 0.12 0.08 0,11 0.11

CRT Displays 0.r2 0.08 0.13 0.1.s 0.L2 0.08 0. L1 0.11
Electronic
Peripherals o.r2 0.08 0.13 0.1.5 0.11 0.15 o.12 0.08 0.11 0.11
Hard-copy
Devices 0.r2 0.08 0.13 0.15 0.11 0.15 0.72 0.08 0.11 0.11
Mixed
Electronics 0.r2 0.08 0.13 0.15 0.1L 0.15 o.r2 0.08 0.11 0.11
Tires" r.57 r.57 1.57 r.57 1.57 1..57 1.57 1..57 1.57 1..57
Asphalt Shinglesb 1.05 1.05 1.05 1.0s 1.05 1.05 1.05 1.0s 1.05 1.05
Vinyl Floorine 0.60 0.40 0.66 0.76 0.56 0.77 0.62 0.40 0.54 0.58
Wood Floorins o.82 0.56 0.90 1.0s 0.77 1.06 0.8s 0.55 0.75 0.80
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of steel is recovered (Bahor, 2010). EPA multiplied these percentages to estimate the weight of steel

cans recovered per ton of MSW combusted-about 0.88 tons recovered per ton combusted.

Finally, to estimate the avoided COz emissions due to increased recycling of steel, EPA multiplied
(1) the weight of steel recovered by (2) the avoided COz emissions per ton of steel recovered. The

estimated avoided COz emissions results are in column (d) of Exhibit 5-6, For more information on the

GHG benefits of recycling, see the Recvcling and Metals chapters.

Exhibit 5-6: Avoided GHG Emissions Due to lncreased Steel from MSW at WTE Facilities

Material Combusted

(a) (b)

Short Tons of Steel
Recovered per Short Ton of
Waste Combusted (Short

Tons)

(c)

Avoided COz Emissions per

Short Ton of Steel

Recovered (MTCO2E/Short

Ton)

(d)

Avoided COz Emissions per

Short Ton of Waste
Com busted (MTCOzE/Short

Ton)a

Aluminum Cans

Aluminum lngot
Steel Cans 0.88 1.83 -L.62

Copper Wire

Glass

HDPE

LDPE

PET

LLDPE

PP

PS

PVC

PLA

Corrusated Containers

Magazines/Third-Class Mail

Newspaper
Office Paper

Phone Books

Textbooks

Dimensional Lumber

Medium-Densitv Fiberboard
Food Waste
Food Waste (meat only)

Food Waste (non-meat)

Beef

Poultry
Grains

Bread

Fruits and Vegetables
DairV Products

Yard Trimminss
Mixed Paper (general)

Mixed Paper (primarily
residentia l)

Mixed Paper (primarily from
offices)

-t.04Mixed Metals
Mixed Plastics

-0.04Mixed Recyclables

Mixed Organics
1.83 -0.04Mixed MSW o.02

Carpet
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- = Zero emissions.
Note that totals may not sum due to independent rounding, and more digits may be displayed than are significant.
uThe value in column (d) is a national average and is weighted to reflect 90 percent recovery at the 98 percent offacilities that recover ferrous
metals.
bAssumes that only 68 percent offacilities that use TDF recover ferrous metals,

5.3 RESULTS

The nationalaverage results of this analysis are shown in

Exhibit 5-7, The results from the last column of Exhibit 5-l-, the last two columns of Exhibit 5-2,
and the last column of Exhibit 5-6 are shown in columns (b) through (e) in

Exhibit 5-7. The net GHG emissions from combustion of each material at mass burn and RDF
facilities are shown in columns (f) and (g), respectively. These net values represent the gross GHG
emissions (column (b)), minus the avoided GHG emissions (columns (c), (d), and (e)). As stated earlier,
these estimates of net GHG emissions are expressed for combustion in absolute terms, and are not
values relative to another waste management option, although they must be used comparatively, as all
WARM emission factors must be. They are expressed in terms of short tons of waste input (i.e., tons of
waste prior to processing),

Exhibit 5-7: Net National Average GHG Emissions from Combustion at WTE Facilities
(a)

Material
Combusted

(b)

Gross GHG Emissions
per Ton Combusted

(MTCOzE/ Short Ton)

(c)

Avoided Utility GHG

Emissions per Ton
Combusted at Mass

Burn Facilities
(MTCOzE / short Ton)u

(d)

Avoided COz

Emissions per Ton
Combusted Due to

Steel Recovery
(MTCO2E / Short

Ton)

(e=b-c-d)

Net GHG Emissions

from Combustion at
Mass Burn Facilities

(MTCOzE / Short Ton)
Aluminum Cans 0.01 -0.03 0.03
Aluminum lngot 0.01- -0.03 0.03
Steel Cans 0.01 -0.02 t.62 -1-.s9

Copper Wire 0.01 -0.o2 0.03
Glass 0.01 -0.02 0.03
HDPE 2.80 1.58 1.29

(a)

Material Combusted

(b)

Short Tons of Steel
Recovered per Short Ton of
Waste Combusted (Short

Tons)

(c)

Avoided CO2 Emissions per
Short Ton of Steel

Recovered (MTCO2E/Short

Ton)

(d)

Avoided CO2 Emissions per
Short Ton of Waste

Combusted (MTCOzE/Short
Ton)a

Desktop CPUs 0.52 1,83 0.95
Portable Electronic Devices 0,0q

0.33

1.83 0.t2
Flat-panel Displavs 1.83 0.60
CRT Displays 0.04 1.83 0.08
Electronic Peripherals 0.02 1.83 0.03
Hard-copv Devices 0.33 1.83 0.60
Mixed Electronics 0.20 1.83 0.37
Clay Bricks

Concrete

Fly Ash

Tires 0.06 1.80 -0.10
Asphalt Concrete
Asphalt Shingles

Drywall

Fiberglass lnsulation
Vinvl Floorins
Wood Flooring
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LDPE 2.80 1..57 1,.29

PET 2.05 0.84 1,.24

LLDPE 2.80 1.51 1,.29

PP 2.80 1.51" r.29

PS 3.02 1..37 1.66

PVC 1.26 0.60 0.66

PLA 0.01 0.64 -0.53

Corrugated
Containers 0.05 0.s3 -0.49

Magazines/Thir
d-Class Mail 0.05 0.40 -0.35

Newsoaper 0.05 0.50 -0.s6

Office Paper 0.05 0.52 -0.47

Phone Books 0.05 0.60 -0,56

Textbooks 0.05 0.s2 -0.47

Dimenslonal
Lumber 0.05 0.63 -0.58

Medium-
Density
Fiberboard 0.05 0.63 -0.58

Food Waste 0.05 0.18 -0.13

Food Waste
(meat onlv) 0.05 0.18 -0.13

Food Waste
(non-meat) 0.05 0.18 -0.13

Beef 0.0s 0.18 -0.13

Poultrv 0.0s 0.18 -0.13

Grains 0.0s 0.18 -0.13

Bread 0.0s 0.18 -0.13

Fruits and

Veeetables 0.05 0.18 -0.13

Dairv Products 0.05 0.18 -0.13

Yard Trimmines 0.05 o.2r -0.r7

Grass 0.05 0.21. -o.r7

Leaves 0.05 0.21 -o.17

Bra n ches 0.05 0.21. -0.I
Mixed Paper
(eeneral)b 0.0s 0.54 -0.49

Mixed Paper
(primarily

residentia l)b 0.05 0.53 -0.49

Mixed Paper
(primarily from
offices)b 0.0s 0.29 -0.45

Mixed Metals 0.01 -o.o2 1.05 -1,.02

Mixed Plastics 2.34 1.09 t.26

Mixed
Recvclables 0.11 0.s0 0.04 -o.42

Mixed Oreanics 0.05 0.20 -0.15

Mixed MSW 0.43 0.38 0.04 -0.01

Carpet 1.68 0.58 1.10

Desktop CPUs 0.40 -0.12 0.95 -0.66

Po rta bl e

Electronic
Device 0.88 -0.r2 0.L2 0,65

Flat-panel
Displays o.73 -o.12 0.60 0.03
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CRT Displavs 0.63 -0.12 0.08 0.45
Electronic
Peripherals 2.22 -0.12 0.03 2.O8

Hard-copy
Devices 'J..9t -0.12 0.60 t.20
Mixed
Electronics 0.86 -0.r2

NA

0.37 0.39
Clay Bricks NA NA NA

Concrete NA NA NA NA

Fly Ash NA NA NA NA

Tiresc 2.21. r.s7 0.13 0.s0
Asphalt
Concrete NA NA NA NA

Asphalt
Shingles 0.70 l-.05. -0.35
Drywall NA NA NA

Fiberglass

Irrsulation NA NA NA
Vinvl Floorine o.29

0.09
0.60 -0.31

Wood Flooring 0.82 -0.74

Note that totals may not sum due to independent rounding, and more digits may be displayed than are significant.
" The values in this column represent the national average avoided utility GHG emissions. WARM also allows users to use region-specific
avoided utility emissions, which are contained in Exhibit 5-5,
b The summary values for mixed paper are based on the proportions of the four paper types (corrugated containers, magazines/third-class mail,
newspaper, and office paper) that constitute the different "mixed paper" definitions.
" Tires used as TDF substitute for coal in cement kilns and utility boilers and as a substitute for natural gas, coal, and biomass in pulp and paper
tacilities.

ln the Excel version of WARM, the user can select the state where the waste is being disposed of
to determine the combustion emissions based on regionalavoided utility emission factors. This
functionality is not available in the online version of WARM, which only allows for national average
emissions calculations.

Net GHG emissions are estimated to be negative for all biogenic sources of carbon (paper and
wood products, organics) because COz emissions from these sources are not counted, as discussed
ea rlie r.

As shown in

Exhibit 5-7, combustion of plastics results in substantial net GHG emissions. This result is

primarily because of the high content of non-biomass carbon in plastics. Also, when combustion of
plastics results in electricity generation, the utility carbon emissions avoided (due to displaced utility
fossil fuel combustion) are much lower than the carbon emissions from the combustion of plastics. This
result is largely due to the lower system efficiency of WTE plants compared with electric utility plants.
Recovery of ferrous metals at combustors results in negative net GHG emissions forsteel cans, due to
the increased steel recycling made possible byferrous metal recovery at WTE plants. Combustion of
mixed MSW results in slightly negative GHG emissions because of the high proportion of biogenic
carbon and steel.

5.4 LIMITATIONS

The certainty of the analysis presented in this chapter is limited bythe reliability of the various
data elements used. The most significant limitations are as follows:
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Combustion system efficiency of WTE plants may be improving. lf efficiency improves, more

utility COz will be displaced per ton of waste combusted (assuming no change in utility emissions

per kWh), and the net GHG emissions from combustion of MSW will decrease,

Data for the RDF analysis were provided by the Minnesota Office of Environmental Assistance

and were obtained from a single RDF processing facility and a separate RDF combustion facility.
Research indicates that each RDF processing and combustion facility is different, For example,

some RDF combustion facilities may generate steam for sale off-site, which can affect overall

system efficiency. ln addition, the amount of energy required to process MSW into RDF and the
amount of energy used to operate RDF combustion facilities can be difficultto quantify and can

vary among facilities on daily, seasonal and annual bases. This is one of the reasons that RDF

factors are not included in WARM.

The reported ranges for NzO emissions were broad. ln some cases, the high end of the range

was 10 times the low end of the range. Research has indicated that NzO emissions vary with the
type of waste burned. Thus, the average value used for mixed MSW and for all MSW

components should be interpreted as approximate values.

For mixed MSW, the study assumed that all carbon in textiles is from synthetic fibers derived

from petrochemicals (whereas, in fact, some textiles are made from cotton, wool and other
naturalfibers). Because EPA assumed that all carbon in textiles is non-biogenic, all of the COz

emissions from combustion of textiles as GHG emissions were counted. This assumption will

slightly overstate the net GHG emissions from combustion of mixed MSW, but the magnitude of
the error is small because textiles represent only a small fraction of the MSW stream. Similarly,

the MSW category of "rubber and leather" contains some biogenic carbon from leather and

natural rubber. By not considering this small amount of biogenic carbon, the analysis slightly
overstates the GHG emissions from MSW combustion.

Because the makeup of a given community's mixed MSW may vary from the national average,

the energy content also may vary from the national average energy content used in this analysis.

For example, MSW from communities with a higher- or lower-than-average recycling rate may

have a different energy content, and MSW with more than the average proportion of dry leaves

and branches will have a higher energy content,

ln this analysis, EPA used the national average recovery rate for steel. Where waste is sent to a

WTE plant with steel recovery, the net GHG emissions for steel cans will be slightly lower (i.e.,

more negative). Where waste is sent to a WTE plant without steel recovery, the net GHG

emissions for steel cans will be the same as for aluminum cans (i.e., close to zero). EPA did not

credit increased recycling of nonferrous materials, because of a lack of information on the
proportions of those materials. This assumption tends to result in overstated net GHG emissions

from combustion,

This analysis uses the "non-baseload" emission factors for electricity as the proxy for fuel
displaced at the margin when WTE plants displace utility electricity. These non-baseload

emission factors vary depending on the state where the waste is assumed to be combusted. lf
some other fuel or mix of fuels is displaced at the margin (e.9., a more coa l-heavy fuel mix), the

avoided utility COz would be different.

o

a

a

O

a

a

o

5-16



WARM Version 15 Combustion May 2019

5.5 REFERENCES

Bahor, B. (2010). Personalcommunications between Victoria Thompson, ICF lnternational, and Brian
Bahor, Covanta Energy. May 24,20L0; June 7,2010; and July t4,2OIO.

Bergman, R., & Bowe, S. A. (2008). Environmental impact of producing hardwood lumber using life-cycle
inventory. Wood and Fiber Science, 40(3), 448-458. Retrieved October 20, 2009 from
htt p://www.treesea rch.fs.fed. us/pu bs/3 L L L3.

DeZan, D. (2000). Personal communication between Diane DeZan, Fiber Economics Bureau and Joe
Casola, ICF Consulting. 4 August 2000.

ElA. (2018). U.S. Electricity Flow, 2017.ReLrieved from
https://www.cia.eov/tota lenergv/data/month lvlpdf/flow/electricitv. pdf.

EPA. (1995). The EPA Municipol solid waste Fact Book, version 2.0, washington, D.c.: U.s.
Environmental Protection Agency, Office of Solid Waste.

EPA. (2018a). Advoncing Sustoinable Materiols Manogement: 2015 Fact Sheet. (EPA530-F-i.8-004).
Washington, DC: U,S. Government Printing Office. Retrieved from
htt ps://www.e pa,sov/sites/prod uctio n/f iles/2018-
O7ldocuments/201"5 smm msw factsheet 07242018 fnl 508 002,pdf.

EPA. (2018b). Emissions & Generation Resource !ntegroted Dotabase (eGRlD). Available from EPA at
htt p ://www. epa.gov/ene rgvlegrid

EPA, (2017). lnventory of U.S. Greenhouse Gas Emissions and Sinks: 1-990 - 20L5. (EPA 430-R-15-004)
Washington, DC: U.S. Government Printing Office, Retrieved from
httn://www3 .eoa sotr/climatechanse/Down loads/shgpmissions/t lS-G H G-l nventorv-2015-Ma in-
Text.pdf. EPA.

ERC. (2014). The 20L4 ERC Directory of Woste-to-Energy Plonts. Washington, DC. Energy Recovery
Council.

FAL. (2002a) . Energy ond Greenhouse Gas Factors for Nylon Broadloom Residentidl Corpet. Prairie
Village, KS: Franklin Associates, Ltd., July 3,2002.

FAL. (1994). The Role of Recycling in lntegroted Solid Woste Monagement to the Year 2000. Franklin
Associates, Ltd. (Stamford, CT: Keep America Beautiful, lnc.), September, pp. l-24.

Fons, W. 1., Clements, H. B., Elliott, E. R., & George, P. M. (1962). Project Fire Modet. Summory Progress
Report-ll. Period May L, 1"960 to April 30, L962. Macon. GA: U.S. Department of Agriculture,
Forest Service, Southeastern Forest Experiment Station, Southern Forest Fire Laboratory. 58 pp.

[16824].

Gaines, 1., and Stodolsky, F. (1993). Mondoted Recycling Rotes: lmpocts on Energy Consumption and
Municipal Solid Woste Volume. Argonne, lL: Argonne National Laboratory, pp. 11 and 85.

Harrington, K, (1997), Personal communication by facsimile with Karen Harrington, principal planner for
the Minnesota Office of EnvironmentalAssistance. October l_997.

ICF Consulting. (1995). Memorandum for Work Assignment 239, Task 2: Carbon Sequestration in
Landfills. April 28, 1"995. Exhibit 2-A, column (o).

lncropera, F. P,, & DeWitt, D. P, (1990/. lntroduction to Heot Tronsfer, Second Edition. New York: John
Wiley & Sons, pp. A3-A4.

5-tl



WARM Version 15 Combustion May 2019

tPCC. (2007). Climate Chonge 2007: The Physical Science Basis. Contribution of Working Group I to the

Fourth Assessment Report of the tntergovernmental Panel on Climote Chonge. Cambridge

University Press, Cambridge, United Kingdom and New York, NY, USA.

IPCC. (2006). 2006 IPCC Guidelines for National Greenhouse Gas lnventories. Hayama, Japan:

lntergovernmental Panel on Climate Change.

tWSA. (2007). The 2007 \WSAWoste-To-Energy Directory of United Stofes Focilities. Washington DC:

lntegrated Waste Services Association.

IWSA. (2004\. The 2004 \WSAWoste-To-Energy Directory of United States Focilities. Washington, DC:

lntegrated Waste Services Association.

|WSA. (2000\. The 2000 |WSA Waste-To-Energy Directory of United Sfafes Focilities. Washington, DC:

lntegrated Waste Services Association.

IWSA & American Ref-Fuel (1997). Telephone conversation among representatives of lntegrated Waste

Services Association, American Ref-Fuel, and ICF Consulting, October 28, L997.

National Renewable Energy Laboratory (2015). "U.S. Life Cycle lnventory Database." Retrieved from

https ://www. lcaco m mo ns.gov/n re Usea rc h

NREL. (1992) , Data Summary of Municipal Solid Woste Management Alternotives, Volume lV: Appendix B

- RDF Technologies. Springfield, VA: National Technical lnformation Service, National Renewable

Energy Laboratory/TP-431-4988D), p. B-5.

procter and Redfern, Ltd. & oRTECH lnternational. (1993), Estimotion of the Effects of vorious Municipol

Woste Monagement Strotegies on Greenhouse Gos Emissions, Part ll. Ottawa, Canada:

Environment Canada, Solid Waste Management Division, and Natural Resources Canada,

Alternative Energy Division.

Realfl M, (2010). "The role of using carpet as a fuel in carpet recovery system development." Delivered

to ICF lnternationalvia email on September9,2OIO'

U.S. Census Bureau. (2009). Census Regions and Divisions of the United States. Washington, DC: U,S.

Census Bureau, Geography Division.

VanHaaren,R.,Goldstein,N.,&Themelis,N.J.(2003).TheStateof GarbageinAmerica, BioCycle,5I

(10), 16.

Zannes, M. (1997). Personal communication with Maria Zannes of lntegrated Waste Services

Association, Washington, DC. August 25, 1997.

5-18



WARM Version 15 La ndfilling May 2019

6 LANDFILLING
This chapter presents an overview of landfilling as a waste management strategy in relation to

the development of material-specific emission factors for EPA's Waste Reduction Model (WARM).
Estimates of the net greenhouse gas (GHG) emissions from landfilling most of the materials considered
in WARM and several categories of mixed waste streams (e.g., mixed paper, mixed recyclables, and
mixed municipal solid waste (MSW)) are included in the chapter.

6.1 A SUMMARY OF THE GHG IMPLICATIONS OF TANDFILLING

When food waste) yard trirnnrings, paper, and wood are landfilled, anaerobic bacteria degrade
the materials, producing methane (CH+) and carbon dioxide (Co2). CH4 is countecl as an anthropogenic
GHG because, even if it is derivedfrom sustainably harvested biogenicsources, degradation would not
result in CHq emissions if not for deposition in landfills. The COz produced after landfilling is not countecl
as a GHG because it is considered part of the naturalcarbon cycle of growth and decomposition; for
more information, see the text box on biogenic carbon in the WARM Background and Overview chapter.
The other materials in WARM either do not contain carbon or do not biodegrade measurably in
anaerobic conditions, and therefore do not generate any CHa.

ln addition to carbon emissions, some of the carbon in these materials (i.e., food waste, yard
trimmings, paper, and wood) is stored in the landfill because these materials are not completely
decomposed by anaerobic bacteria, Because this carbon storage would not normally occur under
natural conditions (virtually all of the biodegradable material would degrade to COz, completing the
phol.osyrrthesis/respiration cycle), thls ls counted as an anthropogenic sink. However, carbon in plastics
and rubber that remains in the landfill is not counted as stored carbon because it is of fossil origin. Fossil
carbon (e.g., petroleum, coal) is already considered "stored" in its naturalstate; converting itto plastic
or rubber and putting it in a landfill only moves the carbon from one storage site to another.

EPA developed separate estimates of emissions from (1) landfills without gas recovery systems,
(2) those that flare CH+, (3)those that combust CH+ for energy recovery, and (4) the national average
nrix of these three categories. Tlre national average emisslon estimate accounts for the extent to which
CHq will not be managed at some landfills, flared at some landfills, and combusted onsite for energy
recovery at others.3o The assumed mix of the three landfill categories that make up the nationalaverage
for all materialtypes are presented in Exhibit 6-1. These estimates are based on the amount of CH+
generated by U,S. landfills, as reported in Subpart HH and TTfrom EPA's Greenhouse Gas Reporting
Program (EPA 2018a), and the type of collection system from EPA's Landfill Methane Outreach Program
(LMOP) (EPA 2018b).

30 Although gas from some landfills is piped to an offsite power plant and combusted there, for the purposes of
WARM, the simplifying assumption was that all gas for energy recovery was combusted onsite. This assumption
was made due to the lack of information about the frequency of offsite power generation, piping distances, and
losses from pipelines.
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Exhibit 6-1: Pe of CHq Generated from Each of Landfill

- = Zero Emissions,

6.2 CATCULATING THE GHG IMPACTS OF TANDFILLING

The landfilling emission factors are made up of the following components:

L. CHq emissions from anaerobic decomposition of biogenic carbon compounds;

2. Transportation COz emissions from landfilling equipment;
3. Biogenic carbon stored in the landfill; and

4. COz emissions avoided through landfill gas-to-energy projects.

As mentioned above, WARM does not calculate CH+ emissions, stored carbon, or COz avoided

for materials containing onlyfossil carbon (e.g., plastics, rubber). These materials have net landfilling

emissions that are very low because they include only the transportation-related emissions from

landfilling equipment. Some materials (e.g., newspaper, dimensional lumber) result in net storage (i.e.,

carbon storage exceeds CHa plus transportation energy emissions) at all landfills, regardless of whether
gas recovery is present, while others (e.g., food waste) result in net emissions regardless of landfill gas

collection and recovery practices. Whetherthe remaining materials result in netstorage or net

emissions depends on the landfill gas recovery scenario.

6.2.L Carbon Stocks and Flows in Landfills

Exhibit 6-2 showsthe carbon flows within a landfillsystem. Carbon enteringthe landfillcan have

one of several fates: exit as CHa, exit as COz, exit as volatile organic compounds (VOCs), exit dissolved in

leachate, or remain stored in the landfill.32

After entering landfills, a portion of the biodegradable material decomposes and eventually is

transformed into landfill gas and/or leachate. Aerobic bacteria initially decompose the waste until the

available oxygen is consumed. This stage usually lasts less than a week and is followed by the anaerobic

acid state, in which carboxylic acids accumulate, the pH decreases, and some cellulose and

hemicellulose decomposition occurs. Finally, during the methanogenic state, bacteria further
decompose the biodegradable material into CH+ and COz.

The rate of decomposition in landfills is affected by a number of factors, including: (1) waste

composition; (2) factors influencing microbial growth (moisture, available nutrients, pH, temperature);

and (3) whether the operation of the landfill retards or enhances waste decomposition. Most studies

have shown that the amount of moisture in the waste, which can vary widely within a single landfill, is a

31 The LMOP database indicates landfills that have active landfill-gas-to-energy (LFGTE) systems. However, it does

not report the percentage of LFG recovered at these facilities for energy generation versus the percentage of LFG

recovered for flaring. ln WARM, all LFG generation at landfills with LFGTE systems is assumed to be recovered for
energy. Therefore, this approach likely underestimates the total percentage of LFG generation that is flared in the
U.S. by not accounting for LFG flaring at landfills with LFGTE systems.
32 The exhibit and much of the ensuing discussion are taken directly from Freed et al. (2004).

Percentage of CH4

from Landfills
without LFG

Recovery

Percentage of CHq from
Landfills with LFG

Recovery and Flaring
only

CH+ from Landfills with LFG

Recovery and Electricity

Generation (%)31Landfill Type

98% 2o/olndustrial Landfill

B% 26% 66%Municipal Landfill

24% 63%Total L3%
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criticalfactor in the rate of decomposition (Barlaz et al., L990). Due to this fact, the emission factors
presented in WARM are per wet ton of waste.

Amongthe research conducted on the various components of the landfill carbon system, much
to date has focused on the transformation of landfill carbon into CHa. This interest has been spurred by a

number of factors, including EPA's 1996 rule requiring large landfills to control landfillgas emissions (40
Code of Federal Regulations Part 60, Subparts Cc and WWW), the importance of CHq emissions in GHG
inventories, and the market for CH+ as an energy source. CH4 production occurs in the methanogenic
stage of decomposition, as methanogenic bacteria break down thefermentation products from earlier
decomposition processes. Since CHa emissions result from waste decomposition, the quantity and
duration of the emissions is dependent on the sarne factors that influence waste degradability (e.g.,
waste composition, moisture). The CHa portion of each material type's emission factor is discussed
further in section 6,2.2.

Carbon dioxide is produced in the initialaerobic stage and ln the anaerobic acid stage of
decomposition. However, relatively little research has been conducted to quantify COz emissions during
these stages. Emissions during the aerobic stage are generally assumed to be a small proportion of total
organic carbon inputs, and a screening-level analysis indicates that less than one percent of carbon is
likely to be emitted through this pathway (Freed et al., 2004). Once the methanogenic stage of
decomposition begins, landfill gas os generoted is composed of approximately 50 percent CH+ and 50
percent COz (Bingemer and Crutzen, 1987), However, landfill gas as collecfed generally has a higher CHa

concentration than COz concentration (sometimes as much as a 60 percent: 40 percent ratio), because
some of the COz is dissolved in the leachate as part of the carbonate system (COz € HzCOs O HCOs-

€ COs2').

6-3



WARM Version 15

Exhibit 5-2: Landfill Carbon Mass Balance

La n df illing May 20L9
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Source: Freed et al. (2004).

To date, very little research has been conducted on the role of VOCemissions in the landfill

carbon mass balance. Given the thousands of compounds entering the landfill environment, tracking the

biochemistry by which these compounds ultimately are converted to VOC is a complex undertaking.

Existing research indicates that ethane, limonene, n-decane, p-dichlorobenzene, and toluene may be

among the most abundant landfill VOCs (Eklund et al., 1-998). Hartog (2003) reported non-CH+ volatile

organic compound concentrations in landfill gas at a bioreactor site in lowa, averaging 1,700 parts per

million (ppm) carbon by volume in 2001 and 925 ppm carbon by volume in 20O2.lf the VOC

concentrations in landfill gas are generally of the order of magnitude of 1,000 ppm, VOCs would have a

small role in the overall carbon balance, as concentrations of CH+ and COz will both be hundreds of times

la rge r.

Leachate is produced as water percolates through landfills. Factors affecting leachate formation

include the quantity of water entering the landfill, waste composition, and the degree of decomposition.

Because it may contain materials capable of contaminating groundwater, leachate (and the carbon it

contains) is typically collected and treated before being released to the environment, where it

eventually degrades into COz. However, leachate is increasingly being recycled into the landfill as a

means of inexpensive disposal and to promote decomposition, increasing the mass of biodegradable

materials collected bythe system and consequently enhancing aqueous degradation (Chan et a|,,2002;

Warith et al., 1"999). Although a significant body of literature exists on landfill leachate formation, little

research is available on the carbon implications of this process. Based on a screening analysis, Freed et
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al. (200a) found that loss as leachate may occur for less than one percent of total carbon inputs to
la ndfills.

ln mass balanceterms, carbon storage can be characterized asthe carbon that remains after
accounting for the carbon exiting the system as landfill gas or dissolved in leachate, On a dry weight
basis, municipal refuse contains 30-50 percent cellulose, T-L2 percent hemicellulose and 15-28 percent
lignin (Hilger and Barlaz,2001). Although the degradation of cellulose and hemicellulose in landfills is
well documented, lignin does not degrade to a significant extent under anaerobic conditions (Colberg,
1988). Landfills in effect store some of carbon from the cellulose and hemicellulose and all of the carbon
from the lignin that is buried initially. The amount of storage will vary with environmental conditions in
the landfill; pH and moisture contelrt have been identified as the two most lmportant variables
controlling decomposition (Barlaz et al,, L990), These variables ancl their effects on each materialtype's
emission factor are discussed further below,

6.2.2 Estimating Emissions from Landfills

As discussed in section 6.2.1, when biodegradable materials such as wood products, food
wastes, and yard trimmings are placed into a landfill, a fraction of the carbon within these materials
degrades into CHq emissions. The quantity and timing of CHa emissions released from the landfill
depends upon three factors: (1) how much of the original material decays into CH+, (2) how readily the
materialdecays under different landfillmoisture conditions, and (3)landfillgas collection practices. This
section describes how these three factors are addressed in WARM.

6.2.2.1 Methane Generation and Landfill Carhon Stordge

The first step is to determine the amount of carbon contained in degradable materials that is
emitted from the landfill as CHq, and the amount that remains in long-term storage within the landfill.
Although a large body of research exists on CHa generation from mixed solid wastes, only a few
investigators-most notably Dr. Morton Barlaz and colleagues at North Carolina State University-have
measured the behavior of specific waste wood, paper, food waste, and yard trimming components. The
results of their experiments yield data on the inputs-specificallythe initial carbon contents, CHa
generation, and carbon stored-that are required forcalculating material-specific emission factors for
WARM.

Barlaz (1998) developed a series of laboratory experiments designed to measure biodegradation
of these materials in a simulated landfill environment, in conditions designed to promote decomposition
(i'e', by providing ample moisture and nutrients). Each waste component (e.g., grass, branches, leaves,
paper) was dried; analyzed for cellulose, hemicellulose, and lignin content; weighed; placed in two-liter
plastic containers (i.e., reactors); and allowed to decompose anaerobically under moist conditions
(Eleazer et al., L997). At the end of the experiment, the contents of the reactors were dried, weighed,
and analyzed for cellulose, hemicellulose, lignin, and (in the case of food waste only) protein content.
The carbon in these residualcomponents is assumed to represent carbon that would remain
undegraded over the long term in landfills: that is, it would be stored.

Based on these components, Dr. Barlaz estimated the initial biogenic carbon content of each
waste material as a percent of dry matter. For some materials, the carbon content estimates have been
updated to reflect more recent studies orto better reflect changes in material composition in recent
years. Exhibit 6-3 shows the initialcarbon contents of the wastes analyzed by Barlaz (1998)and Wang et
al. (2011).
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Exhibit 6-3: lnitial ic Carbon Content of Materials Tested in Barlaz and Wa et al. (2011)

Material

lnitial Biogenic Carbon
Content, % of Dry

Matter Source

Corrugated Containers 47% Barlaz (1998)

Newspaper 49% Barlaz (1"998)

Office Paper 32% Barlaz (1-998)a

Coated Paper 34% Barlaz (L998)

Food Waste so% Barlaz (1998)

Grass 45% Barlaz (1998)

Leaves 46% Barlaz (1998)

Branches 49% Barlaz (1998)

Mixed MSW 42% Barlaz (1"998)

Gvpsum Board 5% Barlaz (1998)

Dimensional Lumber 49% Wans et al. (201"1)

Medium-densitv Fiberboard 44% Wans et al. (2011)

Wood Flooringb 460/o Wang et al. (2011)

a Based on 20L4 discussions with Dr. Morton Barlaz, the carbon content of office paper has been updated to account for an

average calcium carbonate (CaCO:) content of 20 percent in office paper in recent years.
b Based on an average of carbon content values for red oak and plywood in Wang et al. (2011).

The principalstocks and flows in the landfillcarbon balance are:

r lnitial carbon content (lnitial C);

r Carbon output as CH4 (CHt);

r Carbon output as COz (CO!); and

o Residual carbon (i.e., landfill carbon storage, LFc)'

The initialcarbon content, along with the other results from the Barlaz (1998), Wang et al.

(20L3), Wang et al. (2011), and Levis et al. (2013) experiments are used to estimate each materialtype's
emission factor in WARM. The Barlaz (1998), Wang et al. (2013), Wang et al. (201I), and Levis et al,

(2013) experiments did not capture COz emissions in the carbon balance; however, in a simple system

where the only carbon fates are CHa, COz and carbon storage, the carbon balance can be described as

CH!+CO!+lfc=lnitial C

lf the only decomposition is anaerobic, then CH! = 69!.:: Thus, the carbon balance can be

expressed as

= lnitial C2xCHqc+LFc=lnitial C

Exhibit 6-4 shows the measured experimental values, in terms of the percentage of initial

carbon for each of the materials analyzed, the implied landfill gas yield, and the sum of outputs as a

percentage of initial carbon (Barlaz, 1998; Wang et al., 20L3; Wa ng et a'.,2011; Levis et al,.,20t3). As the

sum ofthe outputs shows, the balance between carbon outputs and carbon inputs generally was not

perfect. This imbalance is attributable to measurement uncertainty in the analytic techniques.

33 The emissions ratio of CHa to COz is 1:1 for carbohydrates (e.g., cellulose, hemicellulose). For proteins, the ratio

is 1.65 CH+ per 1.55 COz; for protein, it is Cs.zHsONo.ao (Barlaz et al., 1989). Given the predominance of

carbohydrates, for all practical purposes, the overall ratio is 1:1..
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Exhibit 5-4: ental Values for CHq Yield and Carbon Sto

"The CHa, COz, and carbon stored from these experiments represents only the biogenic carbon in each material type.

To calculate the WARM emission factors, adjustments were made to the measured values so
that exactly L00 percent of the initial carbon would be accoulll.ed for. Afterconsultation with Dr. Barlaz,
the following approach was adopted to account for exactly L00 percent of the initialcarbon:

r For most materials where the total carbon output is less than the totalcarbon input (e.g,,
corrugated containers, office paper, food waste, grass, leaves), the "missing" carbon was
assumed to be emitted as equalquantities of CH! and CO!, ln these cases (corrugated
containers, office paper, food waste, grass, leaves), the CH! was increased with respect to the
rneasured values as follows:

Initial C-LFc _.rC
2 -wt t4

This calculation assumes that CO! =CH+ . ln essence, the adjustment approach was to increase
landfill gas production, as suggested by Dr. Barlaz.

. For coated paper, newspaper, and wood flooring, where carbon outputs were greater than
initialcarbon, the measurements of initial carbon content and CHq mass were assumed to be
accurate, Here, the adjustment approach was to decrease carbon storage. Thus, landfill carbon
storage was calculated as the residualof initialcarbon content minus (2 x CH!).

The resulting adjusted CH+yields and carbon storage are presented in Exhibit 6-5.

. For branches, dimensional lumber, medium-density fiberboard, and mixed MSW, the measured
CHayield as a percentage of initialcarbon was considered to be the most realistic estimate for
methane yield, based on consultation with Dr. Barlaz. Therefore, no adjustment was made for
these materials.

o Forgypsum board, the sulfate in wallboard is estimated to reduce methane generation, as
bacteria use sulfate preferentially to the pathway that results in methane, as suggested by

Material

(a) (b)

Measured CHa

Yieldasa%of
lnitial Carbon

(c)

lmplied Yield of Landfill Gas
(CH4+CO2) as a Proportion

of lnitial Carbon
(c=2xb)

(d)

Measured
Proportion of
lnitial Carbon

Stored

(el

Output as % of
lnitialCarbon

(e=c+d)
Corrugated Containers 17% 35% 55% 90%
Newspaper B% 1.6% 85% 1.O0%

Office Paper 29% sB% t2% 70%
Coated Paper 13% 26% 79% t00%
Food Wastc 32% 63% t6% 79%

23% 46% s3% 99%Grass

Leaves B% t5% 85% 100%
Branches 77% 1"00%

Mixed MSW

t2%

t6%

23%

32% 1,9% s0%

Gypsum Board 0% 0% 55% 55%

Dimensional Lumber T% 3% 88% 9r%
Medium-density Fiberboard t% L% 84% Bs%

Wood Flooring s% 99% L00%
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Dr. Barlaz. As such, methane yield from gypsum board is likely to be negligible and is

therefore adjusted to0%in WARM.

Exhibit 6-5: CHa Yield and Carbon Sto Material

" CHa yield is adjusted to account for measurement uncertainty in the analytic techniques to measure these quantities. For

corrugated containers, office paper, food waste, grass, and leaves, the yield of CH+ was increased such that the proportion of
initial carbon emitted as landfill gas (i.e., 2 x CHa) plus the proportion that remains stored in the landfill is equal to 100% of the
initial carbon.
b For coated paper, newspaper, and wood flooring, the proportion ofinitial carbon that is stored in the landfill is decreased such

that the proportion of initial carbon emitted as landfill gas (i.e., 2 x CHq) plus the proportion that remains stored in the landfill is
equal to 100% of the initial carbon.
. For branches, dimensional lumber, medium-densityfiberboard, and mixed MSW, the measured CHayield as a percentage of
initial carbon and measured proportion of initial carbon stored shown in columns b and d, respectively of Exhibit 6-4 was

considered to be the most realistic estimate for methane yield. Therefore, these values were not adjusted.
d For gypsum board, the sulfate in wallboard is estimated to reduce methane generation; thus, the methane yield from gypsum

board is likely to be negligible and is therefore adjusted to 0%.

Dr. Barlaz's experiment did not test all of the biodegradable material types in WARM. EPA

identified proxies for the remaining material types for which there were no experimental data.

Magazines and third-class mail placed in a landfill were assumed to contain a mix of coated paper and

office paper and were therefore assumed to behave like an average of those two materials. Similarly,
phone books and textbooks were assumed to behave in the same way as newspaper and office paper,

respectively. Results from two studies by Wang et al, were used for dimensional lumber, medium-
density fiberboard, and wood flooring (2OLt;2013). For wood flooring, the ratio of dry-to-wet weight
was adjusted to more accurately represent the moisture content of wood lumber (Staley and Barlaz,

2009). Drywall was assumed to have characteristics similar to gypsum board. Exhibit 6-6 shows the
landfill CH+ emission factors and the finalcarbon storage factors for allapplicable materialtypes.

Adjusted Yield of CHq as

Proportion of lnitial Carbon
Adjusted Carbon Storage as

Proportion of lnitial CarbonMaterial

22% 55%Corrugated Containers"

8% 84%Newspaperb

44% 12%Office Paper"

74%Coated Paperb L3%

1.6%Food Waste" 42%

23% 53%Grass"

8% 8s%Leavesa

12% 77%Branches'

19%Mixed MSW' 1,6%

0% s5%Gypsum Boardd

88%Dimensional Lumber' 1%

1% 84%Medium-density Fiberboard'

95%Wood Flooringb 2%
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Exhibit 6-6: CHa Yield for Solid Waste Co onents

" Final adjusted CH4 generation per dry metric ton is the product of the initial carbon content and the final percent carbon emitted as CHa
multiplied by the molecular ratio of carbon to CHa (12116).
bCH4 generation is converted from per dry metric ton to perwet short ton by multiplying the CH4 generation on a dry metric ton basis by (1 -
the material's moisture content) and by converting from metric tons to short tons of material.

6.2.2.2 Component-SpecificDecoyRates

The second factor in estimating material-specific landfill emissions is the rate at which a material
decays under anaerobic conditions in the landfill. The decay rate is an important factorthat influences
the landfill collection efficiency described further in the next section, Although the final adjusted CHa
yield shown in Exhibit 6-6 will eventually occur no matter what the decay rate, the rate at which the
material decays influences how much of the CHa yield will eventually be captured for landfills with
collection systems.

Recent studies by De la Cruz and Barlaz (2O1O) found that different materials degrade at
different rates relative to bulk MSW rates of decay. For example, one short ton of a relatively inert wood
material-such as lumber-will degrade slowly and produce a smaller amount of methane than food
waste, which readily decays over a much shorter timeframe. Materials will also degrade faster under
wetter landfill conditions. Consequently, the rate at which CHa emissions are generated from decaying
material in a landfill depends upon: (1) the type of material placed in the landfill, and (2) the moisture
conditions of the landfill.

De la Cruz and Barlaz (2010) measured component-specific decay rates in laboratory
experiments that were then scaled to field-level, component-specific decay rates based on mixed MSW
field-scale decay rates published in EPA (1993) guidance.

To scale the laboratory-scale, component-specific decay rate measurements to field-scale
values, De la Cruz and Barlaz (2010) assumed thatthe weighted average decay ratefora waste mixture
of the same composition as MSW would be equal to the bulk MSW decay rate. They also related a lab-
scale decay rate for mixed MSW to the field-scale decay rate using a scaling factor. Using these two
relationships, the authors were able to estimate field-scale decay rates for different materials based on
the laboratory data. The following equations were used to estimate the component-specific decay rates:

Material
lnitial Biogenic

Carbon Content

Adjusted Yield of
CH4 as Proportion
Of lnitial Carbon

Final (Adjusted)

CHa Generation,
MTCOzE/Dry

Metric Tona

Final (Adjusted)
CHq Generation
(MTCO2E /Wet

Short Ton)b
Corrugated Containers 47% 3.48 2.62
Magazines/Third-Class Mail
Newspaper

36% 1.43 1.19
49% 8% 1.33 1.05

Office Paper aao/ 44% 4.7L 3.89
Phonebooks 49% B% 1.33 1.05
Textbooks 32% 44% 4.71 3.89
Dimensional Lumber 49% 1% 0.24 0.r7
Medium-Density Fiberboard 44% t% 0.08 0.06
Food Waste 49% 40% 6.63 1.62
Yard Trimmings

Grass

Leaves

Bra nches

45o/n

46%

49%

23% 3.48 0.57
8%_
12%

1..I7 0.65
1,90 L.45

Mixed MSW 42% t6% 2.23 t.62
Drywall 5% 0% 0 0
Wood Flooring 43% 2% 0.27 0.18
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Equation 1

f x ET=rkmaj x (wt. fraction)t = decay rate

Equation 2

kp"m,r= f x kma,t

where,

f = a correction factor to force the left side of the equation to equal the overall MSW decay

rate
kna,i = the component-specific decay rate calculated from lab experiments
kyi"n,i = the component-specific decay rate determined for the field
i - the lth waste component

Based on the results from De la Cruz and Barlaz (2010), the Excel version of WARM allows users

to select different component-specific decay rates based on different assumed moisture contents of the
landfill to estimate the rate at which CHq is emitted for each material type (or "component"). The five

MSW decay rates used are:

1. k = 0.02/year ("Dry"), corresponding to landfills receiving fewer than 20 inches of annual

precipitation: based values reported in EPA (2010)

2. k = 0.04/year ("Moderate"), corresponding to landfills receiving between 20 and 40 inches of
annual precipitation: based values reported in EPA (2010)

3. k = 0.06/year ("Wet"), corresponding to landfills receiving greater than 40 inches of annual

precipitation: based values reported in EPA (2010)

4. k= 0.I2/year ("Bioreactor"), corresponding to landfills operating as bioreactors where water is

added until the moisture content reaches 40 percent moisture on a wet-weight basis: based on

expert judgment using values reported in Barlaz et al, (2010) and Tolaymat et al. (2010)

5. k = 0.052/year ("National Average"), corresponding to a weighted average based on the share of
waste received at each landfill type: based on expert judgment using values reported in EPA

(2010)

The final waste component-specific decay rates as a function of landfill moisture conditions are

provided in Exhibit 6-7.

Exhibit 5-7: Componen Rates Landfill Moisture Scenarioyf

Material

Landfill Moisture Conditions

Dry Moderate Wet Bioreactor
National
Averase

Corrugated Containers 0.01 0.02 0.03 0.06 0.03

Masazines/Third-Class Mail 0.06 0.L2 0.18 0.37 0.16

Newspaper o.o2 0.03 0.05 0. L0 0.04

Office Paper 0.0L 0.03 0.04 0.09 0.04

Phone Books 0.02 0.03 0.05 0.10 0.04

Textbooks 0.01" 0.03 0.04 0.09 0.04

Dimensional Lumber 0.04 0.08 0.r2 0.25 0.11

Medium-Density Fiberboard 0.03 0.06 0.10 0.19 0.08

Food Waste o.o7 0.14 0.22 0.43 0,19

Yard Trimmings 0.10 0.20 0.29 0.59 0.26

Grass 0.15 0.30 0.45 0.89 0.39
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- = Zero Emissions.

"Decay rates were not estimated since WARM assumes that the construction and demolition landfills where these materials are
disposcd of do not collect landfill gas.

The profile of methane emissions as materials decay in landfills over time is commonly
approxlmated using a tirst order decay methodology summarized in De la Cruz and Barlaz (2010). The
CH+ Seneration potential of lcndfillcd wastc dccrcascs gradually throughout time and can be estirltatecl
using first order decomposition mathematics. The profile of methane emissions from landfills over time
for mixed MSW is showtr in Exhibit 6-8 as a graphic representation of the methane emissions
approximated using a first-order decay equation. As Exhibit 6-8 shows, materials will degrade faster
under wetter conditions in landfills (i.e., landfills whose conditions imply higher decay rates for
materials).

Exhibit 6-8. Rate of Methane Generation for Mixed Msw as a Function of Decay Rate

":0 80

Year

* Mixlrd tutsW 1l( * 9.62; .- lvli:rtt.i l'v{SW ik . it.1}4J

-. Mixerl &*5u,1 {k - r.CsJ * tvlixed &.1SW {k = *^i?}

-** fv'lixr:rl M\UJ {h - Jrli:1ir:lr'ral A',,eraga}

Although in each landfill moisture scenario, the totalfinal CHa yield for solid waste components
(Exhibit 5-6) will eventually be emitted over time, the rate at which methane is emitted greatly depends
on the decay rate. Finally, since different materials have very different methane emission profiles in
landfills, the effectiveness and timing of the installation of landfillgas collection systems can greatly
influence methane emissions, as discussed in the next section.

6.2.2.3 Landfill Gas Collection

WARM estimates the amount of methane that is collected by landfill gas collection equipment.
ln practice, the landfill gas collection system efficiency does not remain constant over the duration of
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Material

[andfill Moisture Conditions

Drv Moderate Wet Bioreactor
National
Average

Leaves 0.09 0.r7 o.26 0.51 0.22
Branches 0.01 o.o2 0.02 0.05 0.02

Mixed MSW 0.02 0.04 0.06 0.r2 0.05
Drywallu

Wood Flooring"
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gas production. Rather, the gas collection system at any particular landfill is typically expanded over

time. Usually, only a small percentage (or none) of the gas produced soon afterwaste burial is collected,

while almost all of the gas produced is collected once a final cover is installed. To provide a better
estimate of gas collection system efficiency, EPA used a Monte Carlo analysisto estimatethe fraction of
produced gas that is vented directly, flared and utilized for energy recovery while considering annual

waste disposal and landfill operating life (Levis and Barlaz, 201'41.34

The gas collection efficiencies that WARM uses are evaluated from the perspective of a short

ton of a specific material placed in the landfill at year zero. The efficiencies are calculated based on one

of five moisture conditions (dry, moderate, wet, bioreactor, and national average conditions, described

in section 6,2.2.2) and one of four landfillgas collection practices over a 100-yeartime period, which is

approximately the amount of time required for 95 percent of the potential landfill gas to be produced

under the "Dry" (k = 0.02/yr) landfill scenario. The final average efficiency is equal to the total CHq

collected over 1.00 years divided by the total CH+ produced over 100 years.

The combination of four different landfillgas collection scenarios and five different landfill

moisture conditions means there are 20 possible landfill gas collection efficiencies possible for each

material in WARM, The landfill collection efficiency scenarios are described below and the assumptions

for each are shown in Exhibit 5-9:

1. Typical collection - phased-in collection with an improved cover; judged to represent the

average U.S.landfill, although every landfillis unique and a typicallandfillis an approximation of

rea lity.

2. Worst-case collection - the minimum collection requirements under EPA's New Source

Performa nce Sta nda rds,

3. Aggressive collection - landfills where the operator is aggressive in gas collection relative to a

typical landfill; bioreactor landfills are assumed to collect gas aggressively.

4. California regulatory scenario35 - equivalent to landfill management practices based on

Ca lifornia regulatory requirements.

Exhibit 6-9: WARM Gas Collection Scenario Assumptions and Efficiencies Compared to EPA AP-42 (1998) with

Landfill Gas Recove for

3a This improved analysis of landfill gas collection was incorporated in June 2014 into WARM Version 13.
3s This additional landfill gas collection scenario was incorporated in June 2Ot4into WARM Version L3 to allow

WARM users to estimate and view landfill management results based on California regulatory requirements.

Landfill Gas Collection Efficiency (%)

for Mixed MSWa

MSW Decay Rate (yr4)

o.o2 0.04 0.05 0.12

Nationa
I

Average
Gas Collection Scenario

Description Gas Collection ScenarioScenario

75.0 7s.075.0 75.0 75.0

AP-42 EPA default gas

collection assumption
(EPA 1998 AP-42) (not

modeled in WARM)

All years: 75%

68.2 65.0 64.1, 60.6 64.8

'Typical collection",
judged to represent the
average U.S. landfill

Years 0-1: 0%

\ears2-4'.50%
Years 5-t4i 75%
Years L5 to 1 year before final cover:
82.5%

Final cover: 90%

t
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ndfills that recover gas for energy. ln reality, a small share of gas recovered is eventually
table include both the gas recovered for energy and the small portion recovered for flaring.

The landfillgas collection efficiencies by materialtype for each of the four landfillcollection
efficiency scenarios and each of the five moisture conditions are provided in Exhibit 6-10. ln addition to
the gas collected, EPA also took into account the percentage of gas that is tlared, oxidized, and emitted
for landfills that recover gas for energy, as described in Levis and Barlaz (2014). Some of the uncollected
methane is oxidized to COz as it passes through the landfill cover; Levis and Barlaz (20L4) adapted e lA
recommendations for methane oxidation (71 FR 230, 2013) to develop the following oxidation rates at
various stages of landfill gas collection:

o Without gas collection or final cover: 1,0 percent

o With gas collection before final cover: 20 percent

r After final cover installation: 35 percent

ln the EPA recommendations, the fraction of uncollected methane that is oxidized varies with
the methane flux (mass per area per time) and ranges from L0 percent to 35 percent (71 FR 23O,20t3).
Measurement or estimation of the methane flux is possible on a site-specific basis but requires
assumptions on landfill geometry and waste density to estimate flux for a generic landfill as is
represented by WARM. As such, the methane oxidation values published by EPA were used as guidance
for the values listed above. Landfills with a final cover and a gas collection system in place will have a

relatively low flux through the cover, which justifies the upper end of the range (35 percent) given by
EPA. Similarly, landfills without a gas collection system in place will have a relatively high flux, suggesting
that an oxidation rate of i-0 percent is most appropriate. Landfills with a gas collection system in place
but prior to final cover placement were assigned an oxidation rate of 20 percent. Based on preliminary
calculations for a variety of landfill geometries and waste densities, Levis and Barlaz (2014) determined
that the methane flux would justify an oxidation rate of 25 percent most but not all of the time. As such,
an oxidation rate of 20 percent was adopted in WARM for landfills with gas collection before final cover
(Levis and Barlaz, 20L4).

Scenario
Gas Collection Scenario

Description Gas Collection Scenario

Landfill Gas Collection Efficiency (%)

for Mixed MSWa

MSW Decay Rate (y1't1

0.02 0.04 0.06 0.t2

Nationa

Average
2 "Worst-case collection"

under EPA New Source
Performance Standards
(NSPS)

Years 0-4: 0%

Years 5-9: 50%
Years t0-1,4:75%
Years L5 to L year before final cover:
825%
Final cover: 90%

66.2 61.3 s9.2 50.6 60.3

3 "Aggressive gas

collection," typlcal
bioreactor operation

Year 0:0%
Years 0.5-2: 50%
Years 3-1,4:75%
Yeats L5 Lu L yedr belore flrral cover:
82.5%

l-inal Cover: 90%

68.6 65.8 66,3 63,9 66,4

4 "California regulatory
scenarlo", landfill
management based on
California regulatory
requirements

Year 0: 0%

Year :L: 50%

Years 2-7: BO%

Years 8 to 1 year before final cover: 85%
Final cover: 90%

83.6 79.5 77.4 72.9 78.8
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For landfill gas that is not collected for energy use, EPA took into account the percentage of
landfill CHq that is flared (when recoveryfor flaring is assumed), oxidized nearthe surface of the landfill,

and emitted. Based on analysis by Levis and Barlaz, EPA estimated the percentage of the landfillCHa

generated that are either flared, chemically oxidized or converted by bacteria to COz, and emitted for
each materialtype for each of the four landfill collection efficiency scenarios and each of the five

moisture conditions (Levis and Barlaz,20L4l.
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Exhibit 6-10: Waste Com

Landfilling

Collection Efficiencies Landfill Moisture Condition with Landfill Gas Recove for

May 2019
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Third-Class
Mail

Newspaper

Office Paper

Phone Books

Textbooks

Dimensional
Lumber

Medium-
Density
Fiberboard

Food Waste
Food Waste
(meat only)
Food Waste
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- = Zero Emissions.

"WARM assumes that construction and demolition landfills do not collect landfill gas.

Landfilling May 2019
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6.2.3 Emissions from Transportation to Landfills and Landfill Operation

WARM includes emissions associated with transportation and landfilling the material.
Transportation energy emissions occur when fossilfuels are combusted to collect and transport material
to the landfillfacility and then to operate landfilloperationalequipment. To calculate the emissions,
WARM relies on assumptions from FAL (1994) for the equipment emissions and NREL's US Life Cycle
lnventory Database (USLCI)(NREL, 2015). The NREL emission factor assumes a diesel, short-haultruck.
Exhibit 6-lL provides the transportation emission factor calculation.

Exhibit 5-11: Tran COz Emissions Assumptions and Calculation

6.2.4 Estimating Landfill Carbon Storage

The other anthropogenic fate of carbon in landfills is storage. As described in section 6.2.L, a

portion of the carbon in biodegradable materials (i.e., food waste, yard trimmings, paper, and wood)
that is not completely decomposed by anaerobic bacteria remains stored in the landfill. This carbon
storage would not normally occur under naturalconditions, so it is counted as an anthropogenic sink
(lPCC, 2005; Bogner et al., 2007).

The discussion in section 6.2.2 on initial carbon contents and CH,r generation includcs thc
measured carbon stored from the Barlaz (L998), Wang et al. (201-3), Wang et al. (2011), and Levis et al.
(2013) experiments. For the most part, the amount of stored carbon measured as the output during
these experiments is considered the final ratio of carbon stored to total initial dry weight of each
materialtype. For newspaper, wood flooring, and coated paper-which is used to estimate landfill
characteristics for magazines and third-class mail-the amorrnt of carbon storecl is recluced because
carbon outputs were greoter thon initial carbon.

To estimate the finalcarbon storage factor, the proportion of initial carbon stored found in
Exhibit 6-5 is multiplied bythe initialcarbon contents in Exhibit 6-3 to obtain the ratio of carbon storage
to dry weight for each material type found in Exhibit 6-12. These estimates are then converted from dry
weight to wet weight and from grams to metric tons of COz per wet short ton of material. The last
column of Exhibit 6-12 provides the final carbon storage factors for the biodegradable solid waste
components modeled in WARM.

Equipment

Total
(MTCO2E/Short

Ton)

Collaction Vchiclos 0.00

Landfill Equipment

Total

0.02

0.02
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Exhibit 6-12: Carbon for Solid Waste Com nts

6.2.5 Electric Utility GHG Emissions Avoided

The CH+ component of landfill gas that is collected from landfills can be combusted to produce

heat and electricity, and recovery of heat and electricity from landfill gas offsets the combustion of
other fossil fuel inputs. WARM models the recovery of landfill gas for electricity generation and assumes

that this electricity offsets non-baseload electricity generation in the power sector.

WARM applies non-baseload electricity emission rates to calculate the emissions offset from

landfill gas energy recovery because the model assumes that incremental increases in landfill energy

recovery will affect non-baseload power plants (i.e., power plants that are "demand-following" and

adjust to marginal changes in the supply and demand of electricity). EPA calculated non-baseload

emission rates as the average emissions rate from power plants that combust fuel and have capacity

factors less than 0.8 (EPA, 2015a).

EPA estimated the avoided GHG emissions per MTCOzE of CHq combusted using several physical

constants and data from EPA's Landfill Methane Outreach Program and eGRID (EPA, 2013; EPA, 2018c).

The mix of fuels used to produce electricity varies regionally in the United States; consequently, EPA

applied a different CO2-intensity for electricity generation depending upon where the electricity is

offset. The Excel version of WARM includes COz-intensity emission factors for non-baseload electricity
generated in nine different U.S. regions as well as a U.S.-average Co2-intensity (EPA, 2015a). The

formula used to calculate the quantity of electricity generation emissions avoided per MTCOzE of CHq

combusted is as follows:

BTU'H  x ax E67is = R
Hmcrs

Where:

Btuss4 = Energy content of CHq per MTCOzE CHa combusted; assumed to be 1,01-2 Btu per cubic foot
of CHq (EPA, 2013), converted into Btu per MTCOzE CHa assuming 20 grams per cubic foot of
CHa at standard temperature and pressure and a globalwarming potentialof CHa of 21

Ratio of Carbon
Storage to Wet
Weight (gram

C/wet eram)

Amount of Carbon

Stored (MTCOzE

per Wet Short Ton)

Ratio of Carbon
Storage to Dry
Weight (gram

C/dry eram)

Ratio of Dry
Weight to Wet

WeightMaterial
0.22 o.72o.26 0.83Corrugated Containers
0.25 0.8s0.28 0.92Magazines/Third-Class Mail

1..r90.4L 0.87 0.36Newspaper
0.r20.04 0.91 0.04Office Paper
l-.190.41 0.87 0.36Phonebooks
0.t20.04 0.91 0.04Textbooks

0.75 0.33 1.09Dimensional Lumber 0.44
0.75 0.28 0.92Medium-Densitv Fiberboard 0.37

0.27 0.03 0.09Food Waste 0.10
0.45 0.16 0.54Yard Trimmines 0.31
0.18 0.04 0.r4Grass 0.24
0.62 0.24 0.79Leaves 0.39
0.84 0.32 1.060.38Branches
0.80 0.06 o.2tMixed MSW 0.08

0.02 0.080.03 0.94Drywall
0.31 L.O40.42 0.75Wood Flooring
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Hrrcrr = Heat rate of landfill gas to energy conversion; assumed to be 11,700 Btu per kWh generated
(EPA,2013)

a = Net capacity factor of electricity generation; assumed to be 85 percent (EPA, 2013)

Egrid = Non-baseload COz-equivalent GHG emissions intensity of electricity produced at the
regionalor national electricity grid; values assumed for each region and U.S. average are
shown in Exhibit 6-14

fi, = Ratio of GHG emissions avoided from electricity generation per MTCO2E of CHq combusted
for landfill gas to energy recovery

Exhibit 6-13 shows variables in the GHG emissions offset for the national average fuel mix. The
final ratio is the product of colunrns (a) through (h). Exhibit 6-14 shows the arnount of carbon avoided
per kilowatt-hour of generated electricity and the final ratio of MTCOzE avoided of utility carbon per
MTCOTE of CH+combusted (column (g) and resulting colunrn (i)).

Exhibit 6.13: Calculation to Estimate Utility GHGs Avoided Through Combustion of Landfill CHr for Electrlclty
Based on National Grid Mix

Exhibit 6-14: Ratio of MTCOzE Avoided Utility Carbon MTCOzE CHq Combusted

lf regional avoided utility emission factors are not employed, WARM calculates U.S.-average
avoided utility emission factors based on the percent of CH+ generated at landfills in the nation with
landfill gas recovery and electricity production found in Exhibit 6-1, and assuming U.S.-average, non-
baseload electricity GHG emission intensity. Exhibit 6-15 shows this calculation for each materialtype
for the national average fuel mix.

Metric Tons

cH /MTco2E
CHr

Combusted

(a) (b)

Grams
CHc/Metric

Ton CHq

(c)

Cubic Ft.

CHq/

Gram

CHa

(d)

Btu/Cubic
Ft. CHa

(e)

kwh
Electricity

Generated/
Btu

(f)

Electricity
Generation
Efficiency

(e)

Kg Utility
COz

Avoided/
kwh

Generated
Electricity

(h)

Metric
Tons

Avoided
Utility
coz/KE
Utility

COz

(i)

Ratio of
MTCOzE

Avoided
Utility CO2

per MTCOzE

CHc

Combusted

0.04 1,000,000 0.c15 r,0t2 0.00009 0.85 0.73 0.001 0.11

Region
Kg Utility CO2 Avoided/kwh

Generated Electricity
Ratio of MTCOzE Avoided Utility C

per MTCO2E CHa

Pacific o.52 0.08

Mountain 0.78 0.r2
West-North Central 1.00 0.1s

West-South Central 0,66 0.10

East-North Central 0.90 0.13

East-South Central 0.81 0.r2
New England n q2 0.08

Mid Atlantic 0.69 0.10
South Atlantic o.79 0.r2
National Average 0.75 0.11
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Methane from Landfills With LFG Recovery and Electricity Generation

Net
Avoided

COz

Emissions

from
Energy

Recovery
(MTCO2E/

Wet Short
Ton)

(h=fxe)

(h)

Percentage
of CHr

Recovered
(Exhibit
6-10)

(c) (d)

Utility
GHG

Emissions
Avoided

per

MTCOzE

CHa

Combuste
d

(MTCOzE)

(Exhibit

6-14)

Percentage
of CHa

Recovered
for Electricity
Generation
Not Utilized
Due to LFG

System
"Down
Time"

(e)

Utility GHG

Emissions

Avoided
(MTCOzE/Wet

Short Ton)
(f=bxcxdx

(1-e))

(f)

Percentage
of CHq

From
Landfills
With LFG

Recovery
and

Electricity
Generation

(Exhibit

5-1)

(e)

Material

(a)

CHq

Generation
(MTcozE/
Wet Short

Ton)
(Exhibit 6-6)

(b)

-0.10-0, L1 3% -0.15 63%
Corrugated
Containers 2.62 56%

-0.1L 3% -o.o7
630/o

-0.04
Magazines/
Third-Class Mail t.t9 s4%

3% -0.06 63% -0.04Newspaper 1.05 s9% -0.11

-0.11 3% -o.24 63% -0.15Office Paper 3.89 s9%

3% -0.06 63% -0.04Phonebooks 1.05 59% -0.11

-0.11 3% -o.24 63% -0,15Textbooks 3.89 59%

3% -0.05
63%

-0.01
Dimensional
Lumber o.77 s8% -0.11

-0.11 3% 0.00

63%

0.00

Medium-
Density
Fiberboard 0.06 59%

-0.11 3% -0.09 630/o -0.05Food Waste 1..62 52%

3% -0.04 63% -0.o2Yard Trimmings 0.81 47o/o -0. L1

-0.02 63% -0.020.s7 4t% -0.11 3%Grass
-0.02-0.11 3% -0.03 63%Leaves 0.65 49%

3% -0.08 63% -0.05Branches 1.45 54% -0.11

3% -0.10 63% -0.06Mixed MSW t.62 60% -0.11

-0.11 3%Drvwall" 0.00

3%Wood Flooring' 0.18 -0.1.1
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Exhibit 6-15: Overall Avoided Util COz Emissions Short Ton of Waste Material ational Grid

- =Zero Emissions.
a WARM assumes that construction and demolition landfills do not collect landfill gas.

6.2.6 Net GHG Emissions from Landfilling

CHa emissions, transportation COz emissions, carbon storage, and avoided utility GHG emissions

are then summed to estimate the net GHG emissions from landfilling each material type. Exhibit 6-16

shows the net emission factors for landfilling each material based on typical landfillgas collection
practices, average landfill moisture conditions (i.e., for landfills receiving between 20 and 40 inches of
precipitation annually), and U.S.-average non-baseload electricity grid mix'

Exhibit 5-16r Net GHG Emissions from Landfil

Landfill
Carbon

Sequestration

Net
Emissions

(Post-

Consumer)

Raw Material
Acquisition and
Manufacturing
(Current Mix of

lnputs)
Transportation

to Landfill
Landfill

CHq

Avoided COz

Emissions

from Energy

RecoveryMaterial
0.02 0.02Aluminum Cans
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Material

Raw Material
Acquisition and
Manufacturing
(Current Mix of

lnputs)
Transportation

to Landfill
[andfill

CHc

Avoided COz

Emissions

from Energy

Recovery

Landfill
Carbon

Sequestration

Net
Emissions

(Post-

Consumer)
Aluminum lngot 0.02 0.02
Steel Cans 0.02

0,02
0.02

Copper Wire 0.02
Glass 0.02 0.02
HDPE 0.02 0.02
LDPE 0.02 0.o2
PET 0,02 0.02
LLDPE 0.02 0.02
PP 0.02 0.o2
PS 0.02 0.02
PVC 0.02 0.02
PLA 0.02 -1,66 -t.64
Corrugated Containers 0.02 1.05 -0.10 -o.72 0.26
Magazines/Third-Class

Mail 0.02 0.48 -0.04 -0.85 -0.39
Newspaper 0.02 0.40 -0.04 1.19 -0.82
Office Paper 0.02 L.50 -0,15 -0.r2 L.2s
Phonebooks 0.o2 0.40 -0.04 1..r9 -0.82
Textbooks 0.02 1.50 -0.15 -0.12 t.25
Dimensional Lumber 0.02 0.06 -0.01 -1.09 -1.01"
Medium-density
l-iberboard 0.02 0.02 0.00 -0.92 -0.88
Food Waste 0,02 0,66 -0.05 -0.09 0,54
Food Waste (meat
only) 0.02 0.66 -0.0s -0.09 0.54
Food Waste (non-
meat) 0.02 0.66 -0.0s -0.09 0.54
Beef 0.02 0.56 -0.05 -0.09 0.54
PoultrV 0.02 0.66 -0.05 -0.09 0.54
Grains 0.02 0.66 -0.05 -0.09 0.54
Bread 0.02 0.66 -0.0s -0.09 0.54
Fruits and Vegetables o.02 0.66 -0.0s -0.09 0.54
Dairv Products 0.02 0.66 -0.0s -0.09 0.54
Yard Trimmings 0.02 0.36 0.o2 -0.54 -0.18
G rass 0.02 0.27 -0.02 -0.14 0.r.3
Leaves 0.02 0.28 -0.02 -0.79 -0.52
Branches 0.02 0.60 -0.05 -1.06 -0.s0
Mixed Paper (general) 0.02 0.93 -0.09 -0.72 o.1"4

Mixed Paper (primarily
residential) 0.02 0.90 -0.09 -0.76 0.08
Mixed Paper (primarily
from offices) 0.02 0.88 -0.08 -0.64 0.1"8

Mixed Metals 0.02 o.o2
Mixed Plastics 0.02 0.o2
Mixed Recyclables 0.02 0.79 -0.07 -0.65 0.09
Mixed Organics o.o2 0.s3 -0.04 -0.30 0.2r
Mixed MSW 0.02 0,61 -0.06 -0.2r 0.36
Carpet 0.02 0.02
Desktop CPUs 0.02 0.02
Portable Electronic
Devices 0.02 0.02

6-21



WARM Version 15 Landfilling May 2019

- = Zero Emissions.
a WARM assumes that construction and demolition landfills do not collect landfill gas

ln WARM, emissions from landfills are dependent on the user selection of one of four different
landfill scenarios (i.e., "Landfills: National Average," "Landfills Without LFG Recovery," "Landfills With
LFG Recovery and Flaring," and "Landfills With LFG Recovery and Electric Generation") as described in

section 1. The net landfilling emission factors for landfilling each material based on the default options
in WARM (i.e., typical landfill gas collection practices, average landfill moisture conditions, and U,S.-

average non-baseload electricity grid mix) are shown in Exhibit 6-17,

Exhibit 6-17: Landfilli Net Emission Factors in WARM U Default O

Material

Raw Material
Acquisition and
Manufacturing
(Current Mix of

lnputs)
Transportation

to Landfill
Landfill

CHa

Avoided COz

Emissions

from Energy

Recoverv

Landfill
Carbon

Sequestration

Net
Emissions

(Post-

Consumer)

Flat-panel Displays 0.02 0.02

CRT Displavs o.o2 0.02

Electronic Peripherals 0.02 0.02

Hard-coov Devices 0.02 0.02

Mixed Electronics 0.02 0.02

Clav Bricks 0.02 o.02

Concrete 0.02 0.02

Fly Ash 0.02 0.02

Tires 0.02 o.o2

Asphalt Concrete 0.02 0.02

Asphalt Shingles 0.02 0.02

Drvwall 0.02 -0.08 -0.06

Fiberslass lnsulation 0,02 0.02

Vinvl Floorins o.o2 0.02

Wood Flooring' 0,02 0.16 0.00 -1..O4 -0.86

Landfills with IFG

Recoverv and Flarine

Landfills with LFG

Recovery and

Electricitv GenerationMaterial

Landfills:
National
Average

(Exhibit 6-16)
Landfills without LFG

Recovery

0.02 0.02 0.02 0.02Aluminum Cans

0.02 o.o2 o.02Aluminum lngot o.02
0.02 0.02 0.02Steel Cans 0.02

Coooer Wire o.o2 o.o2 0.02 0.02

0.02 0.02 0.02 0.02Glass

0.02 0.02HDPE 0.02 nn?

0.02LDPE 0.02 0.02 0.02

0.02 0.02 0.02 0.02PET

0.02 0.02 0.02LLDPE 0.02
0.02 0.02PP o.o2 0.02

0.02 0.02 0.02 0.02PS

0.02 0.02 0.02PVC 0.o2
-t.64 -1,.64PLA -1.64 -L.64

0.06Corrusated Containers o.26 1.66 0.47

-0.39
0.25 -0.39 -0.49Magazines/Third-Class

Mail
-0.82 -0.23 -0.74 -0.90Newspaper

3.40 1.54 0.95Office Paper 3..25

-0.90Phonebooks -0.82 -0.23 -0.74

r.25 3.40 t.54 0.9sTextbooks
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6.3 UMTTATTONS

The landfilling analysis has several limitations, outlined below.

r The net GHG emissions from landfilling each material are quite sensitive to the LFG recovery
rate. Because of the high globalwarming potentialof CHa, small changes in the LFG recovery

Material

Landfills:
National
Average

(Exhibit 5-16)
Landfills without LFG

Recovery
Landfills with LFG

Recovery and Flaring

Landfills with LFG

Recovery and
Electricity Generation

Dimensional Lumber -1.01- -0.89 -0.98 -1.00
Medium-density
Fiberboard -0.88

-0.99 -1".02 -1.03

Food Waste 0.54 1.39 0.54 0.42
0.42Food Waste (meat onlV) 0.54 1.39 0.54

Food Waste (non-meat) 0.54 1.39 0.54 0.42
Beef 0.54 1.39 0.54 0.42
Poultry 0.54 1.39 0.54 0.42
Grains 0.s4 1.39 0.54 0,42
Bread 0.54 1.39 0.54 0.42
Fruits and Vegetables 0.54 139 c).54 0.42
Dairy Products 0.54 1.39 0.54 o.42
Yard Trirrrnrllrgs -0. r8 U.2:t -u.t 8 -0.'24
Grass 0. L3 0.39 0.11 0.09
Leaves -0.52 -0.18 -o.52 -0.56
Branches -0.50 0.26 -0.38 -0.51
Mixed Paper (general) o.14 t.44 0.32 -0.04
Mixed Paper (primarily

residential) 0.08
1.33 0.2s -0.09

Mixed Paper (primarily
from offices) 0.18

1.42 0.31 0.00

Mixed Metals 0.02 0,02 0.02 0.02
Mixed Plastics 0.02 o.02 0.02 o.o2
Mixed Recyclables 0.09 1.19 0.25 -0.06
Mixed Organics 0.21 0.84 o.20 0.11
Mixed MSW 0.36 1..27 0.46 0.23
Carpet 0.02 0.02 o.02 o.o2
Desktop CPUs 0.02 0.02 U.UI 0.o2
Portable Electronic Devices 0.02 0.02 0.02 0.02
Flat-panel Displays u.02 o.02 0.02 0.02
CRT Displays o.o2 0.02 0.02 0.02
Electronic Peripherals 0.02 0.02 0.02 0.02
Hard-copV Devices 0.02 0.02 o.o2 0.02
Mixed Electronics

ClaV Bricks 0.02 0.02 o.o2 0.02
Concrete o.o2 0.02 0.02 0.02
Flv Ash 0.02 0.02 0.02 0.02
Tires o.02 0.02 0.02 0.02
Asphalt Concrete 0.02 0.02 0.02 0.02
Asphalt Shingles 0.02 0.02 o.o2 0.02
Drywall -0.06 -0.06 -0.06 -0.06
Fiberglass lnsulation 0.02 0.02 o.o2 0.02
Vinvl Floorins 0.o2 0.02 0.02 0.02
Wood Floorine -0.86 -0.86 -0.86 -0.86
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rate (forthe nationalaverage landfill)could have a large effect on the net GHG impacts of

landfilling each material and the ranking of landfilling relative to other MSW management

options.

The distribution of waste in place is not a perfect proxy for the distribution of ongoing waste

generation destined for landfill.

Ongoing shifts in the use of landfill cover and liner systems are likely to influence the rate of CH+

generation and collection. As more landfills install effective covers and implement controlsto

keep water and other liquids out, conditions will be less favorable for degradation of

biodegradable wastes. Over the long term, these improvements may result in a decrease in CHa

generation and an increase in carbon storage. Moreover, Dr. Barlaz believesthatthe CHqyields

from his laboratoryexperiments are likelyto be higherthan CH+yields in a landfill, becausethe

laboratory experiments were designed to generate the maximum amount of CHa possible. lf the

CH+ yields from the laboratory experiments were higher than yields in a landfill, the net GHG

emissions from landfilling biodegradable materials would be lower than estimated here.

EPA assumed that once wastes are disposed in a landfill, they are never removed. ln other

words, it was assumed that landfills are never "mined," A number of communities have mined

their landfills-removing and combusting the waste-in order to create more space for

continued disposal of waste in the landfill. To the extent that landfills are mined in the future, it

is incorrect to assume that carbon stored in a landfill will remain stored. For example, if

landfilled wastes are later combusted, the carbon that was stored in the landfillwill be oxidized

to COz in the combustor.

The estimate of avoided utility GHG emissions per unit of CHq combusted assumes that all

landfill gas-to-energy projects produce electricity. ln reality, some projects are "directgas"

projects, in which CHq is piped directly to the end user for use as fuel. ln these cases, the CH+

typically replaces naturalgas as a fuel source. Because natural gas use is less GHG-intensive than

average electricity production, direct gas projects willtend to offset fewer GHG emissions than

electricity projects will-a fact not reflected in the analysis.

For landfilling of yard trimmings (and other organic materials), EPA assumed that allcarbon

storage in a landfill environment is incrementalto the storage that occurs in a non-landfill

environment. ln other words, it was assumed that in a baseline where yard trimmings are

returned to the soil (i,e., in a non-landfill environment), all of the carbon is decomposed

relatively rapidly (i.e., within severalyears) to COz, and there is no long-term carbon storage. To

the extentthat long-term carbon storage occurs in the baseline, the estimates of carbon storage

reported here are overstated, and the net postconsumer GHG emissions are understated.

Another limitation is the assumptions used in developing "corrected" CHa yields for

biodegradable materials in MSW, Because of the high GWP of CHa, a smalldifference between

estimated and actual CHa generation values would have a large effect on the GHG impacts of

landfilling and the ranking of landfilling relative to other MSW management options.

a

a

a

a

a
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Transport and Rail-l-aul Costs
Rail-haul Costs

Tonnage Projection 2045
Tonnage Low
Tonnage High

Equipment

KW T 880
53'4x4 Western Trailer
lntermodal Chassis
lntermodal Container

WA Sales Tax
Fed Excise Tax

Max Allowable Road Weight
PB 579 Chassis Wt.
Western Transfer Trailer
Max SW Payload

Max Allowable Road Weight
PB 579 Chassis Wt.
Cheetah lntermodal Chassis
PNW lntermodal Container
Max SW Payload

Tip Fees
Columbia Ridge
RDC
Wenatchee

1.035.239
1,175,875
1.496.171

Cost

8.9%
12.0%

104,000
17,346
12,250
9,620

64,784

$ 17.00

$ 17.15
$ zo.oo

Source

lH research
WIH research
WIH research
WIH research

Tons
52.0
8.7
7.4

36.0

52.0
8.7
6.1
4.8

32.4

Metro bid
Metro bid
Estimate

Pounds
104,000

17,346
14,700
71,954

$ 65,000

$ 215.000
$ 105,000

$ 15.000



Rail Haul Fees
Everett to RDC by rail
Everett to CRL by rail
Everett to CRL by rail
Everett to WRL by rail

Seattle to CRL by rail

RailTransport
Landfill Disposal
Total 1993 Rate

Mt. Vernon to RDC by rail
Min Weight per Container

Seattle to CRL by Rail
Landfill Cost
Rail HaulCost
WM-UP Discount

Seattle rail haul cost
Av Wt. per Container
Container Transport Cost

Current Market per Acre
Minimum Acreage
Total Land Cost
Facility Build Cost
TotalCost

IMF Capital Cost
Bond Life in Years
Annual Bond Cost
2019 Tonnage
Cost per Ton

s 49.47
$ 52.52
$ 53.67
$ so.+e

$ 25.99
$ 18.75
$ 44.74

$ 52.93
26.00

$ 41.49
$ 17.00

$ z+.+g
$ 11.00

$ 35.49
25.70

$ 912.09

$ 900,000
20

$ 18.000.000
$ 5.000.000
$ 23,000.000

4.Oo/o

10

$ 2,835,692
846,74

$ 3.35

$ 42.98 Snohomish Cty bid

1993 Skagit County Contract with Regional Disposal Company (Rabanco)
1993 Skagit County Contract with Regional Disposal Company (Rabanco)

Skagit County Contract with Republic
Skagit County Contract with Republic

We currently pay $41 .49 (effective 411119) and average 25.7 tons
Hans Van Duessen per trailer (primarily closed 40 ft.).

lntermodal Facility, container handling, and transport to CRLF

25.7 tons per trailer (primarily closed 40 ft.) is the Seattle average weight

$35M transfer station in Tampa, 30,000 SF tipping floor, 1200 TPD

$12M for reskin and redo TS floor at Tampa
assumes intermodal containers provided by contracted company

rough estimate for IMF and 1 mile of rail spur

Transport and Rail-haul Costs
Rail-haul Costs

Snohomish Cty bid
Snohomish Cty bid
Snohomish Cty bid - required WM to build a separate intermodal yard

Snohomish Cty bid - required WM to build a separate intermodal yard

updated to 4oh lo match WTE financing
likely only 10 year disposal agreement, assume private financing



Transport and Rail-haul Costs
Rail-haul Costs

Seattle Cost Seattle Cost
container Ton

Rail HaulCost

Disposal Cost
TotalCost
Transfer to Rail Yard/ IMF
IMF capital CosVFee
King County Total (30 tons per

Cost per Ton Seattle 30 tons cor Cou

Average Payload

Rail HaulCost

lntermodal Facility

Disposal Cost
Cost per Ton
Haul Cost per Ton (TS to IMF)
Total Cost per Ton (including Hauling) $ Gr.sg $ 70.50

Cost per Ton
Average Container Payload
Disposal Cost at RDC
Rail Haul Cost (BNSF)
Cost per Ton

Seattle's rail cost per container is $912.09, and the average weight per
container is 25.7 tons.
WM's estimated disposal fee per ton is 917. This is from a bid in 2018 for

seruices at Columbia Ridge Landfill, where Seattle's waste is currenfly

King County's average payload from the transfer stations is 23.2 ton
Rail haul cost per ton for a 23.2 payload is $39.23 ($912.09 I 23.2
tons)
Estimated lntermodal Faci ity Cost if King County built its own

or if rail company adds cost for capital to charge
estimated disposal fee - Republic would match this amount

get the business

14.17 Current County hauling cost (not used in WTE model)
$ 73.84

S

$ 35.49

$ 17.00
$ sz.+g

10.83
3.35

$ 912.09

$ 510.00
$ 1,422.09

325.03
100.47

1.847.59

$ 10.83

23.20

$ 39.32

$ 3.35

$ 17.00
$ 59.67

30.00

$ 30.40

$ 3.35

$ 17.00
$ so.zs
$ 10.83

25.70

$ 17.00
$ 52.49

$ 53.95

28.00
$ 19.00
$ 34.95



$ 28.00
$ 42.00

75%
25%
60%
30%

55
$ 1,750
$ 1,050
$ 50.91

Transport and Rail-haul Costs
Truck Transport Cost

Labor Costs
Driver Wage per hr.
OT per hr.
Regular Hr. Ratio
OT Hr. Ratio
Labor Burden
Driver Coverage Ratio
Weekly Hrs.
Weekly Pay
Payroll Burden
Labor Cost per hr.

Transfer

Driver Cost per Hr $ 66.18

Truck Cost
Truck Ratio
Truck Life in years
Annual Truck Hours
Truck Cost per Hour

Transfer Trailer Cost
Trailer Ratio
Trailer Life in years
Trailer Annual Hrs.
Cost per Hour

lnsurance per Truck
License per Truck
lns & Lic per Trk hr.

Fuel Cost per Gallon
Fuel Burn Rate per Hr
Fuel Cost per Hr.

Truck R&M per Hr.
Trailer R&M per Hr.

Mgmt. / Admin per Hr
TotalCost

Transport Hours
Transport Cost
Annual Trips
Cost per Trip
Annual Tons
Cost per Ton

Annual Cost Savings $ A
Savings perTon A
Cost per Haul

$ 259,93s
50%

10

1,600
$ 24.37

Trailer

$ 3,500
$ 1,200
$ 2.94

lntermodal
$ 78.585

10
1 600

$ +.gt

WTE
68,603

$ 8.712.623
24,362

$ 358
846,745

$ 10.29

$ 2.60
4

$ 10.40

WTE Trans Cost per Hr $ 127.00

Rail Trans Cost per Hr $ 124.00

Current

$ s.oo
$ e.oo
$ 4.00
$ 15.00

101,184
s12.850.421

36,500
352

846.745
15.18

Rail
79,711

$ 185
28.358

$ 349
846,745

$ 11.67

$ (2,966,236)

$ 3.50

$ 126.945
100%

10

1,600
$ 7.93

137 798
4.89



Description
Annual SW Tons
Daily Trips (360 days)
Estimated Truck Hours
Weekly Hours
FTEs per Day

Labor Cost per Hour
Driver Coverage Ratio
Estimated Payroll Hours
Total Labor Cost

Truck Ratio
Required Trucks
Truck Cost
Truck Life in years
Annual Truck Cost
Trailer Ratio
Required Trailers
Transfer Trailer Cost
Trailer Life in years
Annual Trailer Cost

Annual Fuel Cost
Truck & Trailer R&M Cost
License Cost
lnsurance Cost
Mgmt. / Admin Cost

Total Transport Cost
Cost per Ton
Cost per Truck Hour

Annual Cost Savings $ A
Savings per Ton  
Av. Cost per Haul

Haul Cost per Hour
Labor Cost per Hr.
Truck & Trailer per Hr.
Fuel Cost per Hr.
Repair & Maint. Cost per Hr
License / lnsurance per Hr.
Mgmt. / Admin per Hr.
Total Cost per Truck Hr.

Haul Cost per Ton
Labor
Truck & Trailer
Fuel
Haul Costs
Total Cost

Transport and Rail-haul Costs
Truck Transport Cost

Current WTE Rail
846.745 846,745 846,745

102 67 79
101,184 68,603 79.711

1.946 1,319 1,533
39 27 31

$ 50.91 $ 50.91 $ 50.91
30% t60/ 300k

131,540 89,1 84 103.625
$ 6,696,569 $ 4,540,293 $ 5,275.430

$ 1 ,052,318 $ 713,475 $ 828,996
$ 1.113.029 $ 754,637 $ 876,823
$ 70,800 $ 40,200 $ 56,400
$ 136,500 $ 94,500 $ 108,500
$ 404.738 $ 274,413 $ 318,845

$ 11,997,740 $ 8,177,755 $ 9.173.915
$ 14.17 $ g.oo $ 10.83
$ I 18.57 $ 1 19.20 $ 1 1s.09

$ (3,819,9B6) s (2,823.825)

$ (4.51) $ (3.33)
$ 326.74 $ 339.04 $ 322.57

Current WTE Rail
$ 66.18 $ 66.18 $ 66.18
$ 24.94 $ 2s.s3 $ 21.44
D 10.40 $ 10.40 $ 1 0.40
$ 11.00 $ 11.00 $ 11.00
c 2.05 $ i.42 $ 1.63
$ 4.00 $ 4.00 $ 4.00
$ 1 18.57 $ 118.53 $ 1 14.65

Current WTE Rail
$ 7.91 $ 5.36 $ 6.23
$ 2.98 $ 2.07 $ 2.02
$ 1.24 $ 0.B4 $ 0.98
$ 2.04 $ 1.39 $ t.ot
$ 14.17 $ e.66 $ 10.83

50% 50% 50Yo
4,O 41 47

$ 259,935 $ 259,935 259,935
10 '10

$ 1,533,617 $ 1.065.734 $ 1.221.605
i 0001 100% 100%

78 54 62
$ 126,945 $ 126.945 $ 78,585

10 10 10

$ 990.171 $ 685,503 $ 487,227
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RAILROAD AND LANDFILL INTERVIEWS

Railroad Company lnterview Questions

L What are the current track capacity and constraints for the local track in the King County area and the
mainline between Seattle and Portland? ln other words, can the existing local rail lines in Seattle and
the mainline betweetr Seattle and P<-rrtland handle an additional unit train per day to accommodate
the County's waste volumes in intermodal double stack?

2. What is a planning level cost per container, in well car (double stack) or per ton from Seattle / ARGO
area to Columbia Ridge (WM's landfill) for an estimated 1.2 MM tons annually of compacted
oontaincrizcd wostc in unit trains? Assume 30-ton payloads. laerhaps the rates being charged WM
for the waste from the City of Seattle as an example?

3. What is the maximum length contract the railroad is willing to sign for King County's waste volumes?
3, 5 or 10 years?

4. Since the current project study has an estimated planning start date of 2045, what should be used, or
assumed, as an annual rate escalator (%) to develop, project and estimate the rail transportation
rates for the County's estimated 1.2 MM tons of waste to be shipped via rail to the landfill?

5. What other issuee or concerns should wc considcr as part of the WEBR project's body of work for
inclusion?

6. What is the current applicable fuel surcharge?

7. Can the UPRR handle a unit train per day from the UP's ARGO intermodal ramp?

8. What other properties are available to lease or buy to develop a suitable intermodal facility in the
greater Seattle area and within King County - Kent, Renton, South Seattle, Fife, Auburn, etc.?

9. Of the following previously identified properties (sites) - from a 2004 intermodal siting study for the
County by URS Corp. - Whlch are UPRR served and can you let me know which, if any, are still
available for leasing or purchase by the County:

a. Boeing Site - Auburn, WA

b. Adesa Site - Auburn, WA

c. Green River Site - King County

d. Barnier Site - Kent, WA

e. Manheim Site - Kent, WA

f. United Grocers Site - Tukwila, WA

S. Kenworth / NW Container Site - Tukwila, WA

h. Harbor lsland Site - Seattle, WA

BNSF Railway (BNSF) Responses

The following provides a summary of BNSF's responses to the interview questions.
1. Gurrent track capacity and constraints:

. The railroad industry should say "Yes, there is capacity in the 'seattle Subdivision'."
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. ls there additional capacity? Capacity is defined not only by the line haul capacity on the

mainline, but individual BNSF's terminal capacity at their "lnterbay" Ramp (located between
' Queen Anne and Magnolia). Thinks they could have capacity.

. There is expected growth with both freight and passenger traffic in the Seattle / Portland corridor.

Getting off and on the mainline and out of the lnterbay site location is absolutely key to being able

to determine the BNSF's ability to serve the site.

2. Planning level cost per container:

. Very low-level assurances on rate levels and related annual rate increases as the future is

unpredictable.

. The BNSF is going to look at the KC waste volume in terms of the overall economics to determine

their interests in the business opportunity.

. Determining the parameters of their service design will be impacted by the overall economics of

the opportunity for the BNSF.

. BNSF wants to reiterate they have a high level of interest and would need more information to

provide a detailed rate quote.

. At this time, the BNSF Representative could not provide a planning level rate as its dependent on

the terminal facility to be used - its location, local track access, equipment needed (and who

supplies it - container top picks, well cars, etc.) and frequency of service.

. Rates are based and determined largely on supply and demand on the railroad's track capacity,

both locally at their terminals and on the mainline.

3. Maximum contract length:

. BNSF is probably not unique and struggles with some of the long{erm legacy agreements that

are in place, such as Snohomish County and the City of Seattle.

. These contracts are viewed by internal BNSF stakeholders as "what not to do ever again". They

would look at a multi-year agreement - and if the economics were good enough for the BNSF,

then they could enter into a 1O-year agreement.

. The agreed upon annual rate escalator would determine how long of an agreement the BNSF

would enter into.

. The indices used would be truly be based on rail economics and not a regional CPI escalator,

based largely on how the BNSF's costs change annually. Perhaps an all-inclusive index, less

fuel.

. Fuel surchargeindexwouldbeindependentoftheannual rateescalator. Referto

https://wr,yw.aar.orq/rail-cost-indexes{ specifically the All-lnclusive lndex Less Fuel (All-LF).

4. Estimated annual GPlfor 2045 start date:

Unable to commit to what the CPI or annual rate escalator of fuel surcharge will be in 2045.

5. Other issues or concerns to consider:
. lntermodal Facility - location, layout is critical - ease of rail access in and out of the facility by the

BNSF. Encourages KC to engage the RR's to participate from the origin when doing facility siting

and facility track layout

arcadis conl
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. Equipment - who owns and operates them? Top picks, containers, railroad well cars, trucks,
chassis, etc.

. lntermodal containers - size, specifications & ownership

. Well cars - who owns or leases them or supplies them?

. Seattle Subdivision local track capacity

. Mainline track capacity

o Direct or indirect access of the facility by the BNSF verses having to go through a shortline or the
UPRR on an interline exchange of the rail well cars

. What is the destination landfill? Samc oonccrns about the origin exist for the destination as well.
i.e. impacts to servicing the site - ease of getting in and out of the receiving facility.

. King County should consider the potential for early waste exportation of some percentage of their
annual volume and implement a phased in approach, ramping up the volumes every year
thereafter. Perhaps start with 100,000 - 200,000 TPY untilthe program is exporting all KC's
volumes over several years.

6. Current applicable fuel surcharge:

See: httus://www.aar.orq/wp-contentluploads/2019/05/MRF201904indexes.pdf

Hlgher valued commodities are charged higher transportation rates verse lower valued commodities rail
transportation rates. As a result, the BNSF now largcly utilizcs the percentage of revenue index now.
7. Ability to handle a unit train per day from the BNSF's local intermodal ramps:

Auburn, lnterbay (located between Queen Anne and Magnolia) and Tukwila BNSF facilities are their local
lMFs. Tukwila is already a constrained facility today. Tukwila is the BNSF's primary freight ramp for all
regional customers in the Seattle Subdivision and probably doesn't have any real capacity for KC's waste
volumes. This would be subject to further BNSF internal stakeholder discussions. Also, the 'NlMBY"
stal<eholders need to be considered for any intermodal facility siting. lt will be tliflicult to site a facility that
does not impact some NIMBY group. Open to further discussion and recommend working with waste
company selected for disposal to perhaps site an industry provided lMF.
8. Properties within KC available to lease or buy to develop an IMF:

Would need to talk to the BNSF's Reeve Geary - NW Region Economic Development Group - about any
private customer facilities available for consideration.
9. Capacity:

BNSF: Capacity is defined not only by the line haul capacity on the mainline, but by terminal capacity at
their "lnterbay" Ramp (located between Queen Anne and Magnolia). There is capacity in the "seattle
Subdivision" (the track from Portland to Seattle) and there could be adequate capacity in the future.

There is expected growth with both freight and passenger traffic in the Seattle / Portland corridor.
Getting off and on the mainline and out of the lnterbay site location is absolutely key to determining the
BNSF's ability to serve the site.

arcadi:i conl
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Union Pacific Railroad (UP) Responses

The following provides a summary of UP's responses to the interview questions.

1. Gurrent track capacity and constraints:
. The UP is very interested in this business and would be happy to have the volumes and will make

it work to accommodate the County's needs.

. To adequately evaluate the overall opportunity, the UP would need to conduct an operational

review internally just prior to implementation of a King County WEBR program.

2. Planning level cost per container:

The rate will be priced on the current markets basically charging the highest rate that they can get at the

time based on current market and traffic volumes on the UPRR's system.

3. Maximum contract length:

Willing to entertain whatever contract term - less of a hurdle internally providing a 5 year and less term

agreement. 5+ year contract term would require senior level executive or CEO involvement to approve a

longer-term agreement but the UPRR open to it at this time.

4. Estimated annual CPlfor 2045 start date:

The annual rate increase is based on a comprehensive rate index from the AAR website - (All-LF) All-

inclusive less fuel or RCAP Rail cost adjustment factor less the fuel component. lndustry lndexes:

https://www. aar.orq/ra i I -cost- i ndexes/

5. Other issues or concerns to consider:

With the new timeline of 2045, for the closure of the County's landfill, it's hard for the UPRR to predict

track capacity or rate levels.

6. Current applicable fuel surcharge:

Mileage based fuel surcharge - see general description below and the link below for the current fuel

surcharge index: https://www.up,com/customers/surcharge/mileage/index.htm

7. Ability to handle a unit train per day from the UPRR's local ARGO intermodal ramp in Seaftle:

Given the long timeline now, it's difficult to predict, however the UPRR, barring any environmental

constraints, will work to make capacity for KC's waste volumes. At this time, they do not see capacity as

an issue.

8. Properties within KC available to lease or buy to develop an IMF:

The UPRR Networking & lndustrial Group contact is Melissa Meier for intermodal facility siting studies

and new (greenfield) or existing properties. After further vetting with the UPRR Economic Development

team in King County, the UPRR staff stated that there are not any industrial sites with 50+ acres adjacent

to UP track. The only site they really had is in Auburn and it was only 7-10 acres. They were sorry they

couldn't find anything in addition to the sites listed below from the 2004 KC siting Study.

Landfill Company lnterview Questions

Landfill lnterview Questions
1. Available intermodal receiving facilities located within King County?

2. What is a planning level cost for a WEBR program from King County to your landfill on a rate per ton

or per container?

arcadis conl
C:\Users\deloach\Desktop\King County\Report\Appendix F - Railroad and Landflll company lnterviews.docx 4



3. What is the estimated legal over-the-road intermodal container payload, assuming preload
compaction at each of the County's transfer stations?

4. Would you provide the necessary intermodal containers as part of the bundled T&D (transfer and
disposal) rate per ton?

5. Planning level estimate for waste disposal tip fee for the County's annual waste volumes

6. Any other thoughts?

Republic Services (RS) Responses

The following provides a summary of Republic Services' responses to the interview questions.
1. Available intermodal receiving facilities located within King County?

Due to the variability on locations, volumes, hours the best estimate RS can come up with is $5-$B
per ton in operating costs. IMF research with the BNSF for use of existing facility and research of
other available rail 'served commercial real estate would be conducted for a new site.

2. What is a planning level cost for a WEBR program from King County to Roosevelt landfill on a
rate per ton or per container?

$800-$1,300 per container
3. What is the estimated legal over-the-road intermodal container payload, assuming preload

compaction at each of the County's transfer stations?

Depending on chassis configuration, 32 tons of MSW payload per closed top container.
4. Would RS provide the needed intermodal containers as part of the bundled T&D (transfer and

disposal) rate per ton?

Yes, RS's T&D pricing will include supplying MSW intermodal containers.
5. Planning level for waste disposal tip fee for the County's annual waste volumes

For budgetary/exploratory T&D (transfer and disposal) pricing, use $23-$30 per ton.
6. Other thoughts:

For comparison, RS's current rate with Snohomish County is $50.56 in total for transport and disposal
from RS's private IMF in Everett served by the BNSF Railway.

Waste Management (WM)

The following provides a summary of Waste Management's responses to the interview questions.
1. Are there available intermodal receiving facilities located within King County?

. Waste Management (WM)has identified multiple rail sites in King County that could serve as
viable intermodal receiving facilities. The condition of these sites ranges from greenfield
(currently undeveloped) to turnkey.

. lf the County wanted to establish its own intermodal receiving facility and had identified a

desirable parcel, WM would assist the County in working with a railroad engineering firm and the
respective railroad to go through the processes needed to establish rail service.

. Equipment and operational costs are dependent on several variables, including whether manifest
or unit train service is utilized. WM has strong partnerships with both UPRR and BNSF and
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would thoroughly vet all service options to provide King County with the best possible solution to

fit their needs.

. WM can provide King County with a safe, environmentally friendly and cost-effective

WasteByRail@ solution. We welcome the opportunity to discuss this further and learn more about

King County's plans.

2. What is the planning level cost estimate of a WEBR program from King County to CRLF on a

rate per ton or per container?

WM is open to offering pricing per load or per ton, whichever method is preferred by King County.

See answer to question 5 below for pricing guidance.

3. What is the estimated legal over the road intermodal container payloads - assuming preload

compaction at each of the County's transfer stations?

A 30ton payload should be attainable, and road legal, with the appropriate tractor, chassis and

container configuration.

4. Would WM provide the needed intermodal containers as part of the bundled T&D (transfer and

disposal) rate per ton?
. Yes, typically, WM's T&D pricing includes supplying intermodal containers.

. Chassis, tractors and drayage services will vary by contract, but WM has vast experience under

all scenarios and will tailor the services offered based on the County's preference.

5. What is a planning level waste disposal tip fee for the County's annual waste volumes?
. For budgetary/exploratory T&D pricing, WM asked to reference the Snohomish County and Metro

Regional Government RFP responses submitted by WM in recent years

. Both proposals included comprehensive WasteByRail@ solutions, including the development and

operation of new intermodal receiving facilities, with an average T&D price ranging from

approximately $4S to $55 per ton.

6. Otherthoughts:
. WM has nearly 30-years of WasteByRail@ experience in the Pacific Northwest. With rail

accessible disposal options in Washington and Oregon, we look forward to further discussing our

unique, industry leading solutions.

. WM can provide container drayage transportation services as part of their comprehensive

offering. An approximate rate, for budgetary purposes only, in today's marketwould be $125-150
per hour.

. WM offered a thank you for the opportunity to provide input on King County's preliminary

exploration of disposal alternatives. We value our partnership with King County and look forward

to bringing innovative solutions to the community.
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WEBR CASE STUDIES FROM OTHER REGIONAL JT"'RISDICTIONS

City of Seattle

The City of Seattle contracts with Washington Waste Systems, a subsidiary of Waste Management lnc.,

for the transport and disposal of the City's solid waste. The waste is transported by the Union Pacific
Railroad to the Columbia Ridge Landfill and Recycling Center (CRLF) about 320 miles away in Gilliam

County, Oregon. The City requires that solid waste be transported on a dedicated train, also referred to
as a "unit train", as opposed to a "merchant" or "manifest" train that carries cargo from multiple railroad

customers to different locations. This requirement ensures that the solid waste train cars will all remain

together and reduces the chance that a rail car could become separated from the group and end up in
another location.

The UPRR sends 5-6-unit trains per week to CRLF. About 63% of the solid waste tonnage shipped
through Union Pacific's Argo Yard comes from the City of Seattle's two transfer stations and other private
sector transfer stations, while the remaining 37% comes from cities and counties north of Seattle.

Seattle's contracted combined rate for rail transport and disposal with WM is $41.49 per ton.1 The
estimated landfill cost per ton is $17 and includes the cost of the intermodal container, with the balance
covering the container loading and rail transportation costs. Loading and transporting the 4O-foot
intermodal containers occurs at the Union Pacific Railroad's Argo rail yard on Dawson Street in Seattle.

The rail haul cost of $24.49 is approximately $11 per ton less than the actual cost of service due to a
long{erm price settlement between WM and the Union Pacific Railroad dating back to the early 2000s.
The discount is in effect until the contract's end in March 2024. \Nithout the rail settlement discount, the
real cost of loading and transport from Seattle to Arlington, Oregon on the Union Pacific system would be

approximately $35.49 per ton.

Seattle averages 25.7 tons2 of compacted solid waste per container; therefore, the average rail haul cost
per container is $912.09 (25.7 tons x $35.49).

Snohomish County

With the County's Cathcart Landfillslated to be full in March 1992, the County decided in June 1990 to

contract with Regional Disposal Company (RDC), now a subsidiary of Republic Services, to export its

solid waste by rail for disposal to the Roosevelt Regional Landfill, now owned by Republic Services,
located in Roosevelt, WA in Klickitat County.

Solid waste collected at the County's transfer stations is compacted into intermodal shipping containers
with an average payload of 29 tons. The full intermodal containers are then trucked to the Regional
Disposal Company (RDC) Rail Loading Facility in Everett, previously leased from the port of Everett.
After purchasing the IMF from the Port in 2012, Snohomish County assumed the Port's lease to Republic
Services. The intermodal containers are loaded onto a BNSF train for the 360-mile, 12-hour trip. The
containers are removed from the train in Roosevelt and loaded onto trucks with superchassis for the

1 Hans VanDusen, City of Seattle Contracts Manager; and City of Seattle's contract with Waste
Management.
2 Hans VanDusen, City of Seattle Contracts Manager; and City of Seattle's contract with Waste
Management.



heavier-payload containers, then trucked 6 miles up the hill to the landfill, where they are unloaded via a
large trailer tipper. The empty containers are then trucked back to the rail yard in Roosevelt and staged
for the return trip.

As of May 1,2019, Snohomish's contracted cost for rail transport and disposal is $50.56 per ton.3 No
fuel surcharges are assessed. The exact "unbundled" rate breakdown for the rail transport and landfill
disposal components was not revealed to the project team but is estimated to be about $17.15 per ton for
disposal and $33.41 per ton for intermodal container handling and rail haul.

3 Matt Zybas, Director Solid Waste Division, Snohomish County Public Works.
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TRANSPORTATION COST CALC ULATIONS

Transportation Cost Assumptions

This Transportation Cost Analysis compares the expected transportation cost components of WTE vs.
WEBR disposal alternatives. For simplicity, the analysis assumes that both the WTE plant and the WEBR
IMF are located the samc distance from the transfer stations as CHRL. While the total tonnage from the
transfer stations is the same, the transport equipment and payloads for WTE and WEBR are different.

The analysis uses 20'l 9 prices. lt does not include any of the costs to load or move trailers on-site at the
County's eight transfer facilities, but only the costs of round-trip hauling waste from the gate of each
transfer station to the WTE or WEBR IMF or Cedar Hills Landfill.

Two travel times were calculated for each facility: a low time and high time (based on regional traffic
impacts and delays). Using Google Maps, the low time assumes regular traffic flows whereas the high
time assumes regular traffic congestion within the King County region.

Reported transfer trips from each facility to the landfill in 2018 were multiplied by the estimated haul
(travel) times. For this calculation, the model assumes thal25% of the transfer hauls encounter regular
traffic and 75o/o of the hauls encounter higher traffic congestion.

Table 4-7 details the tons, hauls, estimated time in minutes expended at each transfer station, and the
average pay load from each station to CHRL.

1
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Table 57. Transfer Station 2018 Operational Data

Bow Lake 17 25 45 65 30

Algona 20 25 35 45 30

Houghton 23 31 65 95 30

Factoria 16 26 65 95 30

Renton 11 20 35 45 30

Shoreline 35 44 80 130 30

Enumclaw 21 33 45 70 30

2.5 267,725 9,692 24,230 27.0 27.6

1.9 153,349 7,810 14,969 22.0 19.6

3.4 143,790 7,164 24,477 20.0 20.1

3.4 139,685 5,180 17,698 14.0 27.0

1.9 61,229 3,206 6,145 9.0 19.'1

4.4 50,689 2,057 9,085 6.0 24.6

2.6 22,325 1,000 2,625 3.0 22.3

5.0 7,953 391 1,955 1.0 20.3

846,745 36,500 101,184 102 23.2

Vashon
(via Ferry)

Totals

36 1:30 120 140 30

2

Average
Time per
Roundtrip

Current
Annual

I nps

Current
l{ours
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The County's short-term plan is to equip seven of the eight facilities with a preload compactor to minimize
the number of loads. Using the expected average weight for each disposal option (35 tons for WTE or 30
tons for WEBR, less an adjustment for uncompacted waste from Vashon), Table 4-8 below compares the
number of annual trips required to transport waste to the landfill.

Table 68. Comparison of Transfer Trips for Each Disposal Alternative

While the distance from some of the transfer stations to the future WTE or WEBR facility will increase,
some will decrease, and the net difference will be close to zero. This approach assumes that wherever
the WTE or WEBR IMF is located, the travel time and distance will be the same as to CHRL. Current
truck travel distance is approximately 20 miles on average between the County's transfer stations and
CHRL.

Transportation costs for each alternative are compared to the current system, so the differences are
easily understood. The average time per trip from Table 4-7 and the number of trips from the transfer
stations to Cedar Hills Landfill (Table 4-8) are the basis for the costs. Because the actual site for either
facility is not presently known, the landfill location is used as the point to compare the WTE and WEBR
alternatives' costs.

Table 4-10 on the following page details the assumptions utilized to calculate the differences between the
current system and the two alternatives. Table 4-1 1 below summaries the transport costs calculated from
Table 4-10 above by the haul cost per hour and the cost by ton.

Bow Lake 267,725 9,692 27.0 7,649 21 8,924 25

Algona 153,349 7,810 4,381 12 5,112 14

Houghton 143,790 7,164 20.0 4,108 11 4,793 13

Factoria 139,685 5,180 11 4,656

Renton 61,229 3,206 9.0 1,749 5 2,041 6

Shoreline 2,057 1,448 4 1,690 5

Enumclaw 22,325 '1,000 638 2 744 2

vashon (via

Fprry)
7,953 I 398

Totals 846,745 36,500 102 24,362 67 28,358 79

Decrease

from
Current

-50% -22%

3
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Table 49. Detailed Assumptions and Cost Calculations for Each Transport Alternative

Annual SW Tons 846,745 846,745 846,745

Daily Trips (360 days) 102 67 79

Estimated Truck Hours 101,184 68,603 75,711

Weekly Hours 1,946 1 ,319 1,533

FTEs per Day 39 27 31

Labor Cost per Hour $ 50.91 $ 50.91 $ 50.91

Driver Coverage Ratio 30%o 30% 30o/o

Estimated Payroll Hours 131 ,540 89,184 '103,625

Total Labor Cost $ 6,696,569 $ 4,540,293 $ 5,275,430

Truck Ratio 50% 50% 50%

Required Trucks 59 41 47

Truck Cost $ 259,935 $ 259,935 $ 259,935

Truck Life in years 10 10 10

Annual Truck Cost $ 1,533,617 $ 1,065,734 $ 1,221,695

Trailer Ratio 1000h 100o/o 1000h

Required Trailers 7B 54 62

Transfer Trailer Cost $ 126,945 $ 126,945 $ 78,585

Trailer Life in years 10 '10 10

Annual Trailer Cost $ 990,171 $ 685,503 $ 487,227 ,

Annual Fuel Cost $ 1,052,318 $ 713,475 $ 828,996

Truck & Trailer R&M Cost $ 1,113,029 $ 754,637 $ 876,823

License Cost $ 70,800 $ 49,200 $ 56,400

lnsurance Cost $ '136,500 $ 94,500 $ 108,500

Mgmt. / Admin Cost $ 404,738 $ 274,413 $ 318,845

arcadis conr

$ 11,997,740 $ 8,177,755 $ 9,173,915Total Transport Cost
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Cost per Ton $ 14.17 $ e.66 $ 10.83

Cost per Truck Hour $ 118.57 $ 1 18.53 $ 114.65

Annual Cost Savings $ A $ (3,819,986) $ (2,823,825)

Savings per Ton A $ (4.51) $ (3.33)

Av. Cost per Haul $ 326.74 $ 339.04 $ 322.57

Table &10. Transport Gost per Hour and per Ton

Labor Cost per Hr $ 66.18 $ 66.18 $ 66.1 8

llat*l Cust"per-tlsur

Truck & Trailer per Hr. $ 24.94 $ 25.53 $ 21.44

Fuel Cost per Hr $ 10.40 $ 10.40 $ 10.40

Repalr & Maint. Cost per Hr. $ 11.00 $ 11.00 $ 1 1.00

License / lnsurance per Hr. $ 2.05 $ 1.42 $ 1.63

Mgmt. /Admin per Hr $ 4.00 $ 4.00 $ 4.00

Total Cost per Truck Hr $ 118.57 $ 118.53 $ 114.65

Labor $ 7.s1 $ 5.36 $ 6.23

Truck & Trailer $ 2.98 $ 2.07 $ 2.02

Fuel $ 1.24 $ 0.84 $ 0.98

Haul Costs $ 2.04 $ 1.39 $ 1.61

Total Cost $ 14.17 $ 9.66 $ 10.83
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Cost lmpact on Customer of Ghanges in Disposal Fee

Cart and container weights are from three sources:

Collection service bids from Recology and Waste Management submitted to the City of Federal Way.

This is the low weight source. 
r

City of Portland annual vessel weight study completed by Portland State University from 2006 to 2008

when the City of Portland collected solid waste on a weekly basis. This is the high weigh source for roll

carts.

High Weight containers are from various solid waste rate review / rate study engagements completed by

Bell & Associates. This is the high weight source for containers.

The table below details the range of weights for the most common waste receptacles used in King County

for storage and disposal of solid waste.

The calculation of the rate impact utilizes three sources to provide a low and high range of costs that King

County customers may experience with a change in the cost of disposal. The rate calculation below is for

the low weight 35-gallon rolling cart:

Cart Weight per Set-out x 4.331 pick-ups per month (18.14 x 4.33 = 78.55 pounds)

Pounds Collected per month divided into 2,000 pounds per ton 78.55 I 2,000 = .039275

1 52 weeks per year divided by 12 months per year is 4.33

6

13.8520 gal carl 10.50

25.9335 gal cart 18.14

45.2065 gal cart 33.80

49.20 63.1295 gal cart

Low Weight High WeightContainer Volume

97.77 120.001yd. containerweekly

146.65 180.001.5 yd. container weekly

195.53 240.002 yd. container weekly

3 yd. container weekly 293.30 360.00

391.06 480.004 yd. container weekly

6 yd. container weekly 586.59 720.00

8 yd. container weekly 782.12 960.00

arcadis com
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Weight in Tons multiplied by $lO change in cost 039275 x $10 = $0.39275

Cost divided by 10% Operating Margin (if applicable) $0.39275 I (1 - 10%) = $0.44

The same method is employed for a 3-yard cornrrrercial container with an irrcrease of $10 irr Lhe disposal
fee

Container Weight per Set-out x 4.33 pick-ups per month (293.3 x 4.33 = 1,270 pounds)

Pounds Collected per month divided into 2,000 pounds per ton 1,270 12,000 = .63

Weight in Tons multiplied by $l O change in cost 63 x $10 = $6.35

Cost divided by 10% Operating Margin (if applicable) $6.35 / (1 - 10%) = $7.06

The table below details the rate impacts for a range of costs and containers. The calculated costs include
a 10% operating margin on the disposal increases. lf switching to WEBR (from Cedar Hills) increases the
total disposal cost-per-ton by $t O, the customer with a 9S-gallon waste cart will see an increase of about
$1 ,18 to $1.52 per month.

7

20 gal cart '10.50 $0,03 $0,13 $0.25

35 gal cart 18.14 $0.04 $0.22 $0.44

65 gal cart 33.80 $0.08 $0.41 $0.81

95 gal cart 49.20 $0.12 $0.59 $1.18

1 yd, container weekly 97.77 $0.24 $1.18 $2.35

1.5 yd. container weekly 146.65 $0.35 $1.70 $3.53

2 yd. container weekly 195.53 $0.47 $2.35 $4.70

3 yd. container weekly 293.30 $0.71 $3.53 $7.06

4 yd. container weekly 391.06 $0.94 $4.70 $e.41

6 yd. container weekly 586.59 $1.41 $7.06 $14.11

8 yd. container weekly 782.12 $1.88 $e.41 $18.81

arcadis.com
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$0.17 $0.3313.85 $0.0320 gal cart

$0.31 $0.6225.93 $0.0635 gal cart

$1.0945.20 $0.11 $0.5465 gal cart

$o.t s $0.76 $1.5263.1295 gal cart

$1.44 $2.89120.00 $0.291 yd. container weekly

$4.33180.00 $0.+s $2.171.5 yd. container weekly

$5.77$0.58 $2.892 yd. container weekly 240.00

$0.87 $4.33 $8.66360.003 yd. container weekly

$5.77 $11.55480.00 $1.154 yd. container weekly

$8.66 $17.32720.00 $1.736 yd. container weekly

$23.09960.00 $2.31 $11.558 yd. container weekly
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MEMO

ENERGY

Date September 77, 2019

Ramboll
Hannemanns All6 53
DK-2300 Copenhagen S

Denmark

T +45 5161 1000
F +45 5161 1001
https://ramboll,com/energy

Rambsll Danmark A/S

DK reg.no. 35128417

Project name
Project no.
Client

King County Waste to Energy

Arcadis

To
From

Joseph Krupa
Jorgen Haukohl

1 Background for the Memo

Ramboll has been asked by Arcadis to conduct a peer review of the draft WTE

feasibility study dated September 2019 prepared for King County by Arcadis.

The study compares the following two options
. Waste - To - Energy
. Waste export by Rail for landfilling

This memo covers mainly the WTE option.

The comments are based on Ramboll's experience on modern WTE plants,

mainly developed in Europe during the last 20 years. During this period a high

activity level on building new facilities and upgrade and renovation of existing

facilities has taken place, while only few has been built in United States during

the same period, The high-profile Palm Beach Florida plant is one of the few

exceptions.

Ramboll will concentrate primarily on issues related to our expertise from

modern plant primarily as developed in Europe'

2 Ramboll's background

Ramboll has been working on waste to energy projects since more than 50

years and has been in the forefront as consultant engineer's in development of

many important facilities, including the new iconic Copenhagen plant.

During the last 20 years there has been great developments in new

technologies with the dual goal of optimizing energy efficiency and improving

environmental performance. This has secured that the facilities are of high

standard and are well accepted in the community. A good example of this is
that the facilities can be integrated in the cities and provide both heat for
district heating in addition to the production of electricity'

This dual energy production is typical in Scandinavia and in Germany' The

Hamburg facility serves as a good example of a modern plant and the above-

mentioned energy optimization. This facility has also been in the forefront of
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bottom ash utilization which has provided increased revenue and an even better understanding of the
resource efficiency of modern plants. Metal recovery, especially recovery of precious metals like silver,
copper and lead are part of the developments. Examples of these developments takes place at several
facilities in Switzerland and in Denmark.

Sevetal tlew tttuderrt WTE facilitles are also being built in United Kingdom. lhe driving torce is to move
away from landfilling of waste, which is becoming less and less accepted in l-he society. Ramboll is
involved in several of these projects. A typical project set-up is based on a Design-Build-Operation
concept. In Scandinavia and Germany are the facilities normally operated by the public waste
management company.

Ramboll's experience also entails WTE projects outside Europe, mainly in the Middle East and South
East Asia. Ramboll also worked together with Arcadis on the palm Beach facility.

3 Documents received

Ramboll's review is based on the draft report on the WTE facility for King County dated September 11th
2019 and a presentation of a financial model covering up to 50 years lifetime of the facility. The model
is based on two alternative forecasts for waste generation.

Ramboll's comments referto the individual sections in the report, The reference will be given to the
individual sections without copying the text

4 Ramboll's comments

The report presents a good overview of the project and the two alternative methods, WTE or WEBR,
with the main focus on the WTE solution.

The very long project lifetime period of 50 years is longer than normally used in project evaluations. our
experience ls that the mechanical equipment (grate and combustion system, boiler, turbine and air
pollution control equipment) must be gradually replaced or upgraded after 25-30 years. For the ApC
system this has often been necessary due to strengthen emission requirements. Beyond the initial
period of 25/30 year, it is therefore important that the maintenance cost estimate includes sufficient
capital for rei nvestments.

Response:
The Arcadis Team agrees that 50 years is a long planning period, However, the County is
responsible for the long term solid waste management for their partner cities and this was a
requirement for the Study. Additional funds were allocated for future retrofit / maintenance
at the time of the boiler expansion in both scenarios. The O&M cost also includes an increase
as compared to the basis of design to account for additional contractor maintenance to
maintain equipment over the planning period,

The conclusions in the Executive summery are generally commented below in the main report with the
following exceptions.

Page iii Waste-to-Energy Methodology
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The turbine-generator (T-G) concept is not clear in relation to the future expansion of the facility.

Section 3.3.2.9 page 3-9 gives the correct description that the T-G must be sized to the steam

production in each stage of the development of the facility (100o/o capacity in relation to boiler steam

production). This gives the optimal power generation efficiency.

Response:
The Arcadis Team agrees, and it was anticipated that an additional turbine will be installed
during the expansion of the facility to account for this concern'

Page vii Greenhouse Gas Impact
Greenhouse gas estimations are very detailed and done according to the USEPA WARM model. We note

that the landfill gas (LFG) capture efficiency of B0 o/o is very optimistic.

Responser
The Arcadis Team agrees; however, the Report will remain unchanged to provide some
conservatism in comparison to WTE option.

Page ix WTE Conclusions
Carbon capture technology is in an initial stage of development, with many alternative solutions under

development. Solutions looks very expensive and debate is ongoing between sequestration and use of

the CO2 gas. In some European countries it is the requirement that only solutions based on utilization of

the gas should be allowed,

Response:
The ,Arcadis Team appreciates the European perspective on carbon sequestration, Significant
additional costs have been added into the financial model for the construction of potential
future carbon seguestration equipment.

Page 3-2 section 3.1 Facility General Description
The layout, see figure 3-1, is based on the Palm Beach design. The boiler house is very compact

because of the vertical boiler design with an "optimized" superheater design. This means that the boiler

building is very short, see later in section 3.3.2'4'

The remaining lay-out looks good including, tipping floor, bunker and APC building

Response:
The Report included the most recent IJ,S. based waste-to-energy facility as a basis for the
capital cost, facility layout, boiler sizing, and resulting electrical generation efficiency' If
there are design changes, such as reverting from a vertical boiler to horizontal boiler design,
this could impact the etectrical generation efficiency as noted; however, those changes would
increase longevity of the facility and reduce operations and maintenance costs while
pote ntia I Iy i ncreasi n g ca pita I cosfs'

Page 3-5 Section 3.3.2 Building and Structures
The layout is developed in two versions. Option 1(4,000 tpd) and option 2 (5,000 tpd), both capacities

after the expansion of the facility. Option 2 appears to be well prepared for the expansion and only

requires space for the longer boiler building. Option 1 is not prepared for expansion of the turbine-
generator building and the ACC. This should be explained further.

3/6



Response:
The Arcadis Team disagree+ we included expansion capabitity by upsizing the original
building basis size, It is expected that in both scenarios the additional capacity will require a
new turbine added in addition to the original turbine installation, Spacing for this is included
for both options,

In both options the entrance and exit of the Tipping Building are located in opposite clirections. To
reduce any smell from the building it is preferable that entrance and exit is to the same direction (lower
part of the drawing).

Responsel
This is not a typical process in the llS and limits the capabitity of using the tipping floor. In
addition, the designs incorporate fast-acting curtain rolt-up doors to mitigate odor concerns
and pull draft for boiler combustion from the tipping / refuse buildittg to further mitigate
odor concerns,

Page 3-B Seclron 3.3.2.4 Boiler Buildlng
The boiler building should be prepared for a modern grate boiler design using a horizontal
superheater/economizer layout. Optimizing the boiler design to high energy efficiency and long-life time
is not described in the report. Trade-off between steam parameters, lifetime and power generation
should be studied further. Based on our initial estimate the building should be larger. The size of each
boiler bay should be enlarged to minimum 150-feet L x 100-feet W.

Response:
TIre Report included the most recent ll.S. based waste-to-energy facility as a basis tor the
capital cost, facility layout, boiler sizing, and resulting electrical generation efficiency. If
there are design changes, such as reverting from a vertical boiler to horizontal boiler design,
this could impact the electrical generation efficiency as noted; however, those changes would
increase longevity of the facility and reduce operations and maintenance costs while
potentially increasing capital cosfs,

Page 3-9 Sectlon 3.3.2.7 Ash Management Butldtng
The size looks good. The interior should preferable be prepared for not only sorting out of ferrous and
non-ferrous metal, but also fine metals like silver, copper and lead.

Response:
Agreed and sizing for recovery of finer metals is included with the addition of the advanced
meta ls process i ng eq u i pme nt,

Page 3-14 Section 3.4.4 Procurement
The procurement process should be further developed not only following the standard procedure, RFEI-
RFQ-RFP.

The WTE market in United States has changed since the boom in new projects in the 1980's and early
90's. There were during that period a hand-full of international companies active in the US-market,
capable in both doing design procurement and construction (EPC) followed by operation of the facilities
(O&M). The available companies were European technology providers like Martin, Von Roll, Steinmuller
and ABB. These companies teamed up with US construction companies and operators.
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In the meantime, this company structure has changed. A few operating companies dominates the
marked. The contractors is now active in other parts of the world. Production of the main structures is

often fabricated in low cost countries, New operating companies have emerged in other parts of the
World who may be interested in US-market.

It is suggested that a procurement process is developed to prepare potential companies for the new
project. Invitation to informal information meetings can be considered.

Response:
Ramboll's procurement observations are noted. The information is provided for the County as
decisions are made to move forward with WTE procurement'

Page3-23 Section 3.6 Permitting Requirements

This section is naturally based on the US-regulation system. Most modern plants in the world are

designed the fulfil the European regulation system. It may therefore be relevant to compare the
European system and eventually to consider the best of new ideas.

The current European regulation is based on the EU Directive 20|O/75/EU published 24 November 2010

by the Parliament. IED Annex VI. A new development of the regulation is the "BREF" which is a

supplemental system which both contains technical requirements and strengthens emission

requirements. A separate email will give a short presentation of the "New BREF". The BREF requirement
will be mandatory for all new permits given after the official publication from the Parliament which is

expected in October 2019. For all existing plants it will be mandatory after 4 years. Examples of new

requirements are continuous measurements of Mercury (Hg) and long-term sampling of Dioxin. Many of
the daily average limit values are reduced, probably most importantly, the NOx values.

Responsei
Ramboll's permitting requirements observations are appreciated. CEMS was included in the
reference facility for mercury. US facilities already include annual sampling for dioxin. The US

referenee facility already included the most sophisticated emission control equipment for
NOx reduction (selective catalytic reduction (SCR) technology). With the technology at the
reference facility, we expect that it will already exceed the European regulations,

Page 3-27 Section 3.7.1.1 Capital Cost
The capital cost looks correct based on our experience from international projects

Response:
Noted,

Page 3-28 Section 3.7.1.2
As mentioned above we recommend that the annual O&M cost includes planned update of the main

technical equipment depending on expected life-time of the components. We understand that this is

included in the budget.

RESPONSE:
Yes, this included in the budget,

Page 3-29 Section 3.7.1.3
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In the financial model net sales of electricity is based on generation of 600 kWh/ton threating waste
with a HHV 5,000 BTU per pound. This a high value of average annual electricity production for sale
Should probably be 5 9o lower.

RESPONSE:
The Report included the ntost recent Il.S. based waste-to-energy facility as a basls for the
capital cost, facility layout, boiler sizing, and resulting electrical generation efficiency, If
there are design changes, such as reverting from a vertical boiter to horizontal boiler design,
this could impact the electrical generation efficiency as noted; however, those changes would
increase longevity of the facility anct rectuce operations and maintenance costs while
potentially increasing capital costs. Furthermore, a 5o/o reduction in the net kwh/ton would
result in electrical generation efficiency of 57O net kwh/ton, which results in a total cost
reduction of $7OOM over 5O years or $1.5O per ton of waste generated. The Arcadis Team
does not believe a change in the published values of the report is necessary at this time.

Page 3-43 Section 3.10.2 Metal and Ash By-products
Based on our experience from Europe and tl're Middle East it is our experience that the amount of Ash
(28 5) is high as is the total metal content. We assume that these figures are based on waste sorting
analyses. The stated net Income from sorting of metal should be estimated and included, based on that
CAPEX and OPEX.

RESPONSE:
The figures are based on waste sorting analysis in the County. It is our experience that
European regulations provide for slightly higher recycling rates when compared to the l!5.
This metal availability irr the waste slream recovery is typicat when compared to other tls
municipalities with high recycling rates such as King County. Those net income values are
already included in the financial model.

Page 3-48 Section 3.16 Greenhouse Gas Impacts
This section is very elaborate and gives a good overview the situation. CO2 emission and trade-off
consideration are important. The best is to follow accepted US standards. Based on our experience N2O
is ottly a ttritrot'cottLributur Lo Llre errtire WTE emlsslons. As mentloned above a comparison to landfrllrng
of waste should be based on both short-term and long-term estimates. A main contributor from even
well engineered landfills is high emission methane, mainly until it is fully covered. Also, methane from
operations gas motors should be counted,

RESPONSE
Noted,
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