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Executive Summary 
The King County Solid Waste Division (SWD) aims to achieve a "Zero Waste of Resources" objective by 2030, which translates 
to a goal of diverting 67 percent of the region’s municipal solid waste (MSW) from landfills based on 2022 King County Waste 
Composition (Cascadia, 2023). With the county-owned and operated Cedar Hills Landfill expected to reach capacity by 2040, 
the county is exploring mixed waste processing (MWP) as a strategy to recover valuable materials from MSW (County Solid 
Waste Division, 2023) and divert from landfills. MWP integrates various recovery technologies, including a combination of 
advanced sorting and recycling at a mixed waste material recovery facility (mixed waste MRF), composting, anaerobic 
digestion (AD) and/or production of renewable natural gas (RNG) from the organic fraction, hydrolyzing and pulping the 
paper fiber fraction and/or creating biochar from the remaining organic by-products. By processing material that would 
otherwise end up in landfills, MWP has the potential to enhance resource recovery, reduce greenhouse gas emissions, extend 
landfill life, and support circular economy principles. 

This report evaluates the feasibility of MWP technologies for King County by analyzing seven case studies of modern MWP 
facilities across the U.S. The study developed a Comparative Analysis Cost and Impact Model for MWP technology options 
based on those case studies. The model considered nine different technology options derived from the seven case studies, 
ensured a common basis for comparison and integrated assumptions around the inbound composition in a baseline scenario 
using 2022 waste composition data and a future scenario using a 2035 King County forecast.  
 
According to the baseline 2022 scenario MWP technologies can only capture up to 49% of the materials comprising MSW. 
Figure 1 shows the materials that can be captured and the fraction of remaining material that is not recoverable through MWP 
technologies1. Based on the modeled results, the highest performing MWP systems project a 35% recovery potential of MSW 
in 2035 due to projected improved recovery through source separated programs. This means that at least 32% of additional 
recovery must occur through alternative strategies, such as source separated organic recovery and additional recycling and 
reuse initiatives, to achieve the goal of 67 percent MSW diversion. 

 

1 Note that the category “non-recoverable through MWP” is specific to MWP technologies and should not be conflated with the designation “non-
recoverable” in the 2022 Waste Characterization report which is a more general designation. 
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Figure 1. Potential Recovery Through Mixed Waste Processing System Baseline Scenario using 2022 characterization. 

 

Three of the nine MWP options considered were deemed to be too risky based on past performance and were not included in 
the final comparative analysis. The comparative analysis section in the report below provides more information on those 
options. Table 1Error! Reference source not found. presents a summary of the results from the MWP Comparative Analysis 
Cost and Impact Model considering the baseline scenario.  

Criteria Technology Option 

Mixed Waste 
MRF 

AD Mixed Waste 
MRF + 

Separate AD 

Mixed Waste 
MRF + Co-

located AD + 
RNG 

Mixed Waste 
MRF + Co-

located AD + 
RNG+ 

Biochar of 
Solid 

Digestate 

Paper hydrolysis & 
drying + Mixed 

Waste MRF + Co-
Located AD + RNG 

Past Performance Moderate Risk Moderate 
Risk 

Low Risk Low-
Moderate 
Risk 

Moderate -
High Risk 

Moderate-High Risk 

Total Capex Costs $70,500,000 $138,000,000 $208,500,000 $172,500,000 $179,100,000 

 

$393,500,000 

Total Annual Opex 
Costs 

$40,124,24 $28,437,428 $49,792,518 $42,404,420 $42,804,841 $62,277,073 
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Tons Diverted 
(Percent Diversion)2 

26,832 

(6%) 

109,745 

(26%) 

136,577 

(33%) 

136,577 

(33%) 

145,475 

(35%) 

156,431 

(38%) 

Climate Benefit (total 
annual MTCO2E 
avoided) 

57,499 47,770 105,268 105,268  111,243 209,897 

Net Cost per Diverted 
Ton 

$1,598.87 $272.78 $395.88 $308.77 $294.30 $516.74 

Table 1. Summary Comparative Analysis of MWP Technology Options_Baseline Scenario (2022) 

Of the options studied the most promising systems include a combination of a mixed waste material recovery facility (mixed 
waste MRF) with co-located anaerobic digestion (AD) that produces renewable natural gas (RNG) sold as low carbon 
transportation fuel. The option with the highest possible recovery includes additional technology to hydrolyze paper fiber to 
create pulp, however the net cost was estimated to be over $200 more per ton diverted than the closest alternatives in the 
baseline scenario, increasing to over $300 more per ton diverted in the future scenario.  

Overall, the comparative assessment frames the extent to which MWP fulfils the potential to recover landfill-bound materials 
from MSW. However, challenges such as high capital and operational costs to achieve diversion presents barriers. The findings 
indicate that MWP should be considered as one part of a broader strategy to advance King County’s sustainability goals while 
reducing its landfill dependency. It represents an expensive option for adding marginal gains alongside aggressive diversion 
efforts to divert materials before they enter the MSW disposal stream.  

The research team recommends the following next steps: 

Near-term (within the next five years): 

 Continue to monitor how MWP facilities are performing and progressing. This includes monitoring the state of 
materials marketing, beneficial use of diverted organics, biochar, and how MWP is adapting to changing waste 
streams. 

 Research options for MWP facility ownership and operation models, including public, private, and shared models. 

 Pursue a pilot project with MWP vendors to site and operate a demonstration-scale facility in the King County area. 

Medium-term (beyond five years): 

 Consider lessons learned from pilot projects and other research. Decide whether to pursue MWP on a permanent 
basis, and if so, map out the approach. 

 To advance an MWP project, decide on a public or private ownership/operation model, or a public-private 
partnership. 

 For a publicly owned project, start a Capital Improvement Plan (CIP) process. 

 For a privately owned project, start an RFP process to select a vendor, then negotiate a contract with the provider. 

  

 

2 Percent diversion of MSW through recycling, AD and/or Compost 
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Background & Purpose 
The King County Solid Waste Division (SWD) and its regional partners share a vision of “Zero Waste of Resources” by 2030. An 
estimated 67 percent of the region’s MSW has potential recovery value, and the County seeks to divert these materials from 
the landfill. In addition, the county’s current landfill is expected to reach its permitted capacity by 2040. The County seeks to 
explore new, innovative techniques for diverting resources from MSW and redirecting that material through interventions, 
such as re-use, recycling, composting, and energy production through Anaerobic Digestion (AD). This report presents 
information on options for incorporating Mixed Waste Processing (MWP) into the region’s existing MSW recovery and 
handling system and provides a comparative analysis of various approaches using a uniform set of criteria. MWP is a process 
for recovering materials from the mixed MSW stream using processes and technologies to capture materials and direct them 
to beneficial end use.  

The following report articulates the outcomes of this study and will help King County evaluate MWP options, while 
considering whether MWP is a good option for the County to optimize resource recovery.  

Project Details 
Definition of Mixed Waste 
The focus of this project is mixed municipal solid waste (MSW), sometimes referred to as mixed waste. This is the “garbage” 
portion of the waste stream that is destined for disposal through curbside collection or self-haul, through one of the county’s 
eight transfer stations, for disposal at the Cedar Hills Regional Landfill. Distinct source separated streams including recycling, 
organic waste, and Construction and Demolition (C&D), are not considered within this study other than being mentioned in 
the context of current MSW system and infrastructure within King County. That said, the MSW stream is largely composed of 
materials that could fit into one of those recovery programs but are disposed of by the generator for reasons such as poor 
understanding of available recovery avenues or poor participation in available recovery programming. The focus of this study 
is exploring new technologies, their capacity for additional recovery and their respective costs in order to capture materials 
from the disposal stream.  

Geography Covered 
This study focuses on waste generated in King County and disposed of at the Cedar Hills Regional Landfill. It does not include 
consideration of waste generated and managed by the City of Seattle. While Seattle is in King County, the city has a separate 
system for managing MSW that does not utilize the Cedar Hills Regional Landfill. In addition, the City of Milton is serviced by 
Pierce County, so it is not included in this study. 
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Methodology 
Through this project, the consultant team has taken an approach to understand the existing landscape and context of the MSW 
management system in King County, identified a range of MWP technologies that could be incorporated into this system, 
researched examples of these approaches in other parts of the U.S., and developed a comparative assessment of these 
approaches to arrive at recommendations for the county to consider for further study.  
 
Research methods included: 

LANDSCAPE ASSESSMENT:  
The consultant team reviewed the existing solid waste plan, waste composition studies, and Re+ plan, and conducted three 
days of site visits to important infrastructure in order to establish a baseline understanding of the current system for 
managing MSW in the county.  

 Literature reviewed included: 
o Re+ Strategic Plan  
o 2019 Comprehensive Solid Waste Management Plan 
o King County Solid Waste Division 2023 Annual Report  
o King County Solid Waste Division Website 
o King County Solid Waste 2022 Waste Characterization Study  

 Site Visits included 
o Bow Lake Transfer Station, Tukwila, WA 
o Cedar Grove Composting Facility, Maple Valley, WA 
o Cedar Hills Regional Landfill, Maple Valley, WA 
o Factoria Transfer Station, Bellevue, WA 
o Republic Services’ Third & Lander Recycling Center & Transfer Station, Seattle, WA 
o WM’s Cascade Recycling Center, Woodinville, WA  

MWP PROJECT INVENTORY:  
The consultant team compiled a list of MWP facilities developed over the past 30 years. This list defined the project approach 
and noted how long it operated and whether it operated as intended. In total the list included 36 projects.  

1. 18 projects were completed and are operational. 
2. 11 projects were never completed, were closed or are not operating as intended. 
3. Seven projects are in planning or under construction as of the research phase in this project. 

The consultant team narrowed the inventory to seven alternatives that present a potentially viable approach for MWP in King 
County. The seven options for further research were selected in collaboration with County staff to offer a range of approaches 
reflecting present-day best practices. These included low-cost modular approaches that only target high-value recyclables 
from MSW, high-cost integrated systems that target the entire MSW composition including pre-processing, organic recovery, 
recyclable recovery, internal management of residuals, and a range of options in between. The examples selected also 
represent alternatives that are technologically relevant. There have been many advances over the past 10 years in recovery 
technology. Those that were not selected for further review either were redundant or are no longer considered to be best 
practice, such as MWP projects primarily reliant on manual sortation. 

Projects selected for the comparative analysis are listed in Table 2. MWP projects researched in this study are organized from 
those that target the narrow material streams within the MSW to those that target the greatest amount of MSW materials:  
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Operator Facility Name Location Materials Targeted for Recovery 

OCC Metal Plastic Mixed 
Paper 

Glass Organics 
Compost 

Organics 
Anaerobic 
Digestion 

Rumpke Medina County 
Recycling and 
Transfer 

Seville, OH X X      

Recycling and 
Disposal 
Services (RDS) 
- Current 

Portsmouth 
Facility 

Portsmouth, 
VA 

X X X X    

Anaergia Rialto 
Biodigester 

Rialto, CA       X 

Athens 
Services   

Sun Valley MRF Sun Valley, CA X X X    X 

Bulk Handling 
Systems (BHS) 

CleanLane 
Resource 
Recovery 
Facility 

Goshen, OR X X X    X 

FCC Placer County 
Waste Recycling 
Compound 

Lincoln, CA X X X X  X  

Recycling and 
Disposal 
Services (RDS) 
- Proposed 

Portsmouth 
Facility  

Portsmouth, 
VA 

X X X   X  

Georgia Pacific Project Juno Toledo, OR X X X X X  X 

Table 2. MWP projects researched in this study 

 

 

 

 

 

 



Mixed Was te  Proce ss in g:  Te c hnol ogy Ass ess ment  a nd  C ompa ra tive  Overvie w  11

COMPARATIVE CRITERIA:  
The consultant team developed the following criteria to use when analyzing the seven options. 

1. Past Performance and Operational Risk 

 

2. Recovery and Diversion  

DEFINITION EVALUATION APPROACH SCORING METHOD 

Recovery and diversion 
refers to the amount of 
MSW diverted from landfill 
for recovery. 

The team reviewed data on diversion 
percentage and expected end use 
through literature or outreach to 
operators. 

Scoring emphasized diversion for 
recycling, composting and/or 
digestion, with consideration for 
overall tons diverted. 

Very Low: <10 percent diversion for recycling, 
composting or digestion  
Low: 10 percent - 30 percent diversion for recycling, 
composting or digestion  
Medium: 31 percent - 50 percent diversion for 
recycling, composting or digestion  
High: >50 percent diversion for recycling, composting 
or digestion  

 
3. Climate Impact 

DEFINITION EVALUATION APPROACH SCORING METHOD 

Climate impact refers to 
the expected annual GHG 
emissions reduction. 

Th team modelled emissions 
reduction from diversion and co-
products using EPA WARM (v16) 
adapted as needed to model unique 
pathways not included in WARM. 
Emissions reductions are the 
difference between the net GHG 
impact of MWP vs. the net GHG impact 
of status quo treatment of the 
materials (e.g. landfill). Net impacts 
include the impacts of collection and 
processing plus credits for end 
products created from diverted 
material. Process modeling 
determined annual quantities of 
diverted material and-end products 
generated. 

Net tons MTCO2e avoided: Reported as metric tons 
carbon dioxide equivalents (MTCO2e), greater tons 
CO2e diverted means a larger climate benefit.  

Net cost/MTCO2e diverted: Net cost to deliver 
1MTCO2e benefit. 
 

DEFINITION EVALUATION APPROACH SCORING METHOD 

Past performance refers to 
the extent to which the 
technology has successfully 
operated in other markets 
and/or any evidence of 
failure, default or operating 
is not as intended. 

The team reviewed operations 
through literature and/or outreach to 
operators and related jurisdictions.  

Scoring is based on professional 
judgement looking at the amount of 
time operating at scale and any 
instances of closure, failure, or 
financial strain. 

High Risk: unproven <2 yrs and/or evidence of project 
failure 
Moderate-High Risk: proven only at a small pilot scale 
and/or evidence of operating not as initially intended 
Moderate Risk: proven at smaller commercial scale >3 
yrs; operating as intended 
Low Risk: continuous operations for >3 yrs; operating 
as intended 
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Scoring is based on net system cost 
divided by MTCO2e benefit 

 

 
4. Capital Cost and Annual Debt Service 

DEFINITION EVALUATION APPROACH SCORING METHOD 

Capital cost refers to the 
estimated cost to develop 
the site. 

The team reviewed data on up-front 
cost (infrastructure + land) through 
literature and/or outreach to 
operators and related jurisdictions 
(assuming 30 years at 4 percent 
interest).  

Scoring is based on the amount of 
material diverted from landfill.  

Capital cost ($) and Cost to divert 1 ton ($/ton 
diverted) 

 

5. Operating Cost 

DEFINITION EVALUATION APPROACH SCORING METHOD 

Operating cost refers to the 
estimated cost to operate 
the site  

The team reviewed data on ongoing 
cost through literature and/or 
outreach to operators and related 
jurisdictions. 

Scoring is based on amount of 
material diverted from landfill, not on 
total amount processed. 

Annual Operating Cost ($) and Operating cost to 
divert 1 ton ($/ton diverted) 

 
6. Net Cost 

DEFINITION EVALUATION APPROACH SCORING METHOD 

Net cost refers to the 
estimated net cost per ton 
diverted  

The team calculated this by dividing 
the net cost by tons diverted, where 
net costs equal Annual CapEx plus 
Annual OpEx minus Annual Revenue).   

Scoring is based on the amount of 
material diverted from landfill. 

Net Cost to divert 1 ton ($/ton diverted) 

 

COMPARATIVE ANALYSIS:  
The consultant team researched seven projects to collect necessary information to complete the comparison. Data collection 
and analysis included: 
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 Literature Review: The team compiled existing data aggregated from the RRS facilities database and public 
information such as news articles, websites and presentations.  

 Interviews: The team met with facility developers and/or operators using a standardized interview questionnaire.  
 Project Profile: A profile for each project was developed that includes an overview, description of technologies, 

description of process and preliminary scoring using the evaluation matrix.  
 Scenario Modeling: Considering each of these projects were developed within a different context, scale and 

composition of inbound material, a model was developed to level the field and adapt each project to a King County 
context. This model assumed that each facility was designed to process 100 tons per hour of inbound material. With 
operations of two shifts per day, five days per week. This translates to 416,000 tons per year, which is about half of 
the total tons of disposal generated in King County. Two versions of this model were created; one version assumed a 
baseline composition of inbound MSW based on the results of the 2022 Waste Characterization Study and Customer 
Survey conducted by Cascadia Consulting. The second assumed a future inbound MSW composition based on the Re+ 
Forecast for waste stream composition in 2035, developed by King County SWD. The analysis of modelled output 
allowed for consistent comparison across project types and enabled the consulting team to arrive at a set of 
recommendations.  
 

King County Solid Waste Landscape  
The King County region comprises a unique set of partners in the waste and recyclables industry, including planning, collection, 
transfer, processing, composting, and disposal. Consideration of the investments, strengths, and gaps in the current system 
informed recommended options that could best fit within the existing context. 

The King County Solid Waste Division (SWD) provides services to about 1.9 million people who live and/or work in 37 different 
cities and unincorporated service areas within King County. It does not provide services to the City of Seattle or Milton, which 
are part of separate solid waste systems. The four main material categories processed are Recyclables, Garbage, Organics (food 
& yard waste), and Construction & Demolition Debris (C&D).  

C&D collection and disposal is largely managed privately, although there is some role played by the SWD in processing small 
loads of C&D which are accepted for disposal (not recycling/diversion) at King County Transfer Stations. Otherwise, C&D must 
be brought to a private processing facility or transfer station under the C&D network instead. For all other materials, there is 
curbside collection and self-hauling in at least some parts of the county. Collected Recyclables are taken to a Material Recovery 
Facility (MRF), where they are either recycled and processed locally, or shipped for recycling outside of the region. Garbage and 
some Organics are taken to one of eight transfer stations or two drop-boxes, where they are loaded into trucks for transfer to a 
compost facility (for organics), or to Cedar Hills Regional Landfill (for garbage). For the purposes of this study, the focus is on 
mixed MSW, including recyclables, organics, and garbage. Drop-off collection locations for self-hauling are still available in areas 
lacking curbside collection, although some locations do not accept all categories of materials. C&D is not the focus of this 
research. Figure 2presents the solid waste infrastructure that manages the mixed MSW stream in King County.  
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Figure 2. Solid Waste Infrastructure for MSW in King County 

COLLECTION  
Under state law curbside garbage collection is the shared responsibility of cities and the statewide Utilities and Transportation 
Commission (UTC). Collection service within King County is primarily provided by four private-sector companies, which haul 
82 percent of the county’s waste: Waste Management, Waste Connections, Republic Services, and Recology CleanScapes. The 
basic rate for garbage collection paid by most King County residents includes curbside recycling. In some areas, recycling pickup 
requires an additional subscription, if it is available at all. Self-hauling from residents constitutes 18 percent of the county’s 
waste tonnage. 

The cities of Enumclaw and Skykomish provide their own collection services within their borders and do not contract with a 
private collection company. Enumclaw collects garbage, recyclables, and organics, while Skykomish collects only garbage. 

Since 2001, recycling services had to be made available to all King County residential customers without additional 
subscriptions, and yard waste service could be available as an additional subscription service. This applied to all the county, 
except for three rural unincorporated areas: Vashon/Maury Island, the Skykomish area, and Snoqualmie Pass. The first of these 
areas offers recycling collection services as an additional subscription, while the other two only offer recycling via self-hauling 
drop off at a county collection location. Organics collection, whether curbside or via self-hauling, is not available for any of these 
three service areas. 

Figure 3 shows the amount of waste generated by different sources within King County.  
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Figure 3. Waste Tonnage by Substream within King County 

RECOVERY  
There are three main recovery systems in King County: Recycling, Organics Recovery, and Construction & Demolition (C&D) 
Recovery. There are additional reuse-centered diversion efforts at some transfer stations. Designated recyclables in King County 
include comingled materials collected through curbside pick-up, and source separated materials through self-haul drop off. As 
the collection programs are operated through several different service agreements, there are slight variances in what is listed as 
acceptable in the recycling stream throughout the County.  

In general recovery can be grouped into 3 categories: 

 Comingled Curbside Recyclables: clean paper and cardboard, plastic bottles and tubs, glass bottles and jars, metal cans 
and small scrap metal. 

 Curbside Organics: food waste, food soiled paper, and yard waste. 
 Source Separated Drop off materials: Carpet and pads, clean wood, C&D debris, electronics, furniture, scrap metal, 

moderate risk waste (all-purpose cleaners, batteries, pesticides, used motor oil), paper, rigid and film plastic, textiles, 
and other materials (latex paint, toner and ink cartridges, tires). Curbside recyclables and organics can also be dropped 
off at most sites.  

There are three material recovery facilities (MRFs) within King County:  

 WM- Cascade Recycling Center, Woodinville 
 Republic Services - Third & Lander Recycling Center & Transfer Station, Seattle 
 Recology CleanScapes Recycling Center, Seattle  

There are two additional MRFs in neighboring Pierce County:  

 WM - JMK Fibers, Tacoma 
 Pioneer Recycling Services, Tacoma  

There are eight transfer stations and two drop-box locations (details below) that accept a range of recyclables. Algona transfer 
station is the most limited, providing only scrap metal recycling. This location is set to be replaced with a newer facility with 
more recycling capabilities in the summer of 2026. The remaining seven transfer stations currently accept: appliances, cans, 
cardboard, glass bottles and jars, scrap metal, paper, plastic containers, and textiles for recycling. Bow Lake Recycling & Transfer 
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Station provides additional comprehensive recycling drop off recycling services, including tires, clean wood, yard waste, plastic 
film, fluorescent lights, mattresses, and expanded polystyrene.  

Cedar Grove is the main organic waste processor in King County and operates a large-scale compost processing facility in Maple 
Valley. They have a second compost facility in Everett. These facilities process both curbside and drop off organic materials 
collected across King County from residential and commercial generators. Beyond large scale collection and processing 
infrastructure, King County encourages recovery of organic materials through two additional activities. The first priority is food 
rescue - the donation of eligible edible food. The second priority is backyard and local composting by households. 

C&D materials are managed through private and self-hauling through two designated C&D recycling facilities within the county 
and six near its borders in neighboring Pierce and Snohomish Counties. 

TRANSFER  
There are eight transfer stations, and two drop boxes located across the county, most of which are around 20 miles from the 
Cedar Hills Landfill. The furthest location, the Skykomish Drop-Box, is just over 76 miles away from the landfill. Drop-box 
locations are only for residential self-hauling, while transfer stations include self-haul in addition to commercial haulers. The 
facilities' main function is to consolidate materials into large 53' trailers to maximize logistical efficiency for transport and 
disposal at Cedar Hills Landfill. King County staff operate the transfer stations and load and transport the materials to Cedar 
Hills Landfill, which is also operated by County staff. Nearly all the material disposed at Cedar Hills moves through the transfer 
network, while a limited number of haulers tip directly at Cedar Hills due to the proximity of the routes. As noted above, the 
transfer stations also provide recycling drop off services and some provide drop off services for household hazardous waste. 

In 2023, the total tonnage received by all transfer stations was just under 800,000 and the total number of visits to King County 
transfer stations and drop-boxes was around 730,600. 32 percent of all tonnage collected at transfer stations was collected at 
Bow Lake, where there were over 196,000 total visits that year. Overall, about 84 percent of all visits to transfer stations were 
made by self-haulers, accounting for around 19 percent of the total tonnage. In contrast, the 16 percent or so of visits that were 
commercial accounted for around 81 percent of the total tonnage. 

DISPOSAL 
The county operates the Cedar Hills Regional Landfill, where all collected MSW is sent for disposal. Every day more than 100 
trucks arrive at Cedar Hills landfill, bringing over 865,000 tons of garbage each year. The landfill is currently developing its last 
available cell and is expected to reach permitted capacity by 2040. The site utilizes a tarp cover system instead of daily cover. It 
also has an extensive landfill gas capture system.  

The quantity of landfilled material dropped 3 percent from 2022 to 2023. Table 3 outlines the source of generation of this 
material and how it is collected. Most of this material (60 percent) is generated by residential consumers compared to 38 percent 
from non-residential sources, such as businesses. Overall, 79 percent is collected by a commercial service provider, while 19 
percent is self-hauled.   

The baseline composition of MSW sent for disposal comes from the King County 2022 Waste Characterization and Customer 
Survey conducted by Cascadia Consulting Group. The results are summarized in Figure 4. Paper, food and plastics were the top 
three material types disposed of in 2022. This composition is used in this study as the baseline composition used for analysis of 
diversion potential.  
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Figure 4. Waste Generation by Material Type 

BASELINE RECOVERY OPPORTUNITY 
According to the 2022 study, about 67 percent of MSW disposed in King County could theoretically be recovered through a range 
of new diversion activities. The potential pathways for recovery based on existing programs and infrastructure, according to 
Cascadia, are summarized in Figure 5, which includes traditional recycling and composting. King County has a goal to prevent 
disposal or recover this fraction of the MSW stream. To accomplish this, the county created the Re+ Program which focuses on 
the many pathways to achieving this goal, such as source reduction, increasing reuse and food rescue, improving participation 
in curbside and drop off recycling and organic diversion programs, expanding extended producer responsibility to additional 
materials, and, as a last screen, recovering materials through MWP systems. The final pathway is the focus of this analysis.  

 
Figure 5. Theoretical Recovery from the 2022 MSW Stream 

 

0% 2% 4% 6% 8% 10% 12% 14% 16% 18% 20%

Paper

Food

Plastic

Other Wastes

Wood/Yard

Other Organics

Metal

Glass

Electronics

HHW/Special

Disposed Waste by Material Class

0%

5%

10%

15%

20%

25%

30%

35%

Recyclable Compostable Other Recoverability Not Recoverable

Disposed Waste Recoverability

Widely Limited EPR HHW Collection Source Seperated Programs C&D Recovery Not Recoverable



Mixed Was te  Proce ss in g:  Te c hnol ogy Ass ess ment  a nd  C ompa ra tive  Overvie w  18

In the 2022 study, the most prevalent disposed material was edible food waste (9.8 percent of all disposed materials), which 
could be rescued through food banks to feed those that are food insecure, or alternatively, could be composted or processed 
through anaerobic digestion. Other compostable paper, non-edible fruits and vegetables, and yard waste constitute an additional 
10.9 percent of tonnage that could be diverted through composting or anaerobic digestion. Mixed paper and corrugated 
cardboard and kraft could be captured for recycling, which would eliminate another 10.5 percent of tonnage from the landfill. 
In total, 26 percent of all disposed waste could be recovered through food rescue, compost or digestion, 20 percent is recoverable 
through traditional recycling, and 21 percent could be targeted by some other form of recycling, such as source-separated drop 
off or C&D recovery. This leaves only 33 percent of total disposed waste as unrecoverable, assuming an inbound MSW waste 
composition equivalent to the 2022 baseline.  

When considering materials that could be recovered through a MWP system, RRS determined that about 49 percent of material 
destined for landfill could be diverted through such a system. This generally matches the widely recyclable or compostable 
fractions from Figure 5. Figure 6 outlines the specific materials that could be diverted through MWP technologies3. This 
represents the maximum diversion potential from MSW achievable through MWP presently. RRS used this when comparing 
technology options in a baseline scenario. 

 

 

 
Figure 6. Potential Recovery Through Mixed Waste Processing based on 2022 composition. 

 
 

 

3 It is important to note that C&D recovery was not included in this MWP analysis. That material recovery system is viewed by 
RRS as a source separated recovery system in which diversion occurs separate from MSW. C&D related materials that are found 
in the MSW stream are not considered recoverable according to this analysis.  
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FUTURE RECOVERY OPPORTUNITY 
Considering the development horizon and operational lifespan for a MWP system, it is important to consider the future MSW 
composition in the County when analyzing the potential diversion opportunities. The King County Re+ program and statewide 
policy are currently focusing efforts to divert materials before they become MSW and enter the disposal stream, which will 
result in a different composition in the future. RRS incorporated a future scenario in this analysis that projects an alternative 
composition scenario in 2035.  

 
Figure 7. Potential Recovery Through Mixed Waste Processing based on estimated 2035 composition 

 

Figure 7 includes data from the 2025 Re+ Forecast for waste stream composition in 2035, developed by King County SWD. 
This forecast model projects the greatest impact on the expected volume of organics in the MSW stream, with an 80% 
reduction in recoverable organic materials by 2035. The forecast also assumes both packaging EPR (extended producer 
responsibility) and DRS (deposit return system) pass the state legislature and are implemented in 2030 and 2032 respectively, 
which reduces the amount of paper, plastic, glass, and aluminum containers in the MSW stream. Meanwhile, the amount of film 
plastic increases in the forecast due to their growing use in packaging materials. In this scenario the maximum diversion 
potential from MWP reduces to 35%. 
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STRENGTHS, WEAKNESSES, OPPORTUNITIES AND THREATS  
RRS performed a SWOT analysis of the existing solid waste landscape in King County in the context of the potential development 
of a MWP facility shown in Figure 8.  

 
Figure 8. King County SWOT Analysis 
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Mixed Waste Processing Technologies 
The King County Re+ plan considers MWP as the last screen of recovery before disposal. This category of processing considers 
options for recovery of materials from the mixed MSW stream. This is the garbage segment of residential and commercial waste 
streams. This category does not include source-specific waste streams, such as Construction & Demolition (C&D) or industrial 
waste. The current approach incorporates a combination of technologies and processes organized in sequence to optimize 
capture and beneficial utilization of recovered resources. This section presents a historical overview and an outline of the types 
of technologies and processes that combine to form contemporary approaches to MWP.  

OVERVIEW & HISTORICAL CONTEXT 
The history of MWP reflects centuries of urbanization, evolving from simple waste picking to advanced technologies designed 
to recover valuable materials and reduce landfill use. This evolution mirrors shifting priorities toward resource recovery and 
environmental sustainability, focusing on emission reductions, energy savings, and beneficial utilization. However, advanced 
mixed waste technologies have historically struggled to compete sustainably with cheaper and more reliable methods, like 
landfilling and waste-to-energy. In North America, over 400 such facilities have opened and closed in the past 40 years, resulting 
in billions of dollars lost—especially outside highly regulated areas like California.  

MWP has progressed from basic disposal methods to increasingly sophisticated technologies aimed at maximizing material 
recovery and reducing landfill reliance. Initially centered on landfilling and incineration, waste management evolved with rising 
environmental concerns, spurring innovations in recycling, composting, refuse-derived fuel (RDF), and mechanical biological 
treatment (MBT). The 1990s established dual stream recycling, which quickly transitioned to single-stream recycling as more 
equipment capability emerged. This trend carved out source separated recovery approaches for mixed MSW, which source 
separated organics collection continued.  On the MSW side, progress toward more advanced RDF production continued, though 
challenges with contamination remained. 

In the 2000s and 2010s, new thermal treatments, like gasification and pyrolysis, created additional opportunities for recovery. 
The adoption and evolution of automated sorting, chemical recycling, and carbon capture technologies signal a new era of 
possibilities, both for single stream recycling and MWP. Continued innovation in waste processing renews the promise for higher 
recovery rates from the MSW stream.  

Today, significant opportunities for recovery through MWP projects depend on stacking together the best technologies that have 
evolved from single stream sortation, fiber recovery, and organic processing systems. These technologies come together in multi-
faceted facilities that promise to capture available value from materials found in the MSW stream, while reducing the amount of 
residual to be managed. Additionally, these systems aim to limit carbon emissions while controlling toxins, such as PFAS heavy 
metals, PCB, PBB, numerous pesticides, and medical/pharmaceutical contamination.  
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EARLY DAYS OF MIXED WASTE PROCESSING  

 

 

  

1960s-
1970s

•Early Days of Waste Management and Recovery
•Incineration with minimum pollution control is used to reduce waste volume and mass.
•Inefficient source-separated reycycling programs are adopted by some communities.

1980s

•Emergence of MWP
•Waste-to-Energy (WTE) facilities with advanced air pollution control technologies are developed to 
manage entire MSW stream in geographies with limited landfill capacity.

•Refuse-derived Fuel (RDF) facilities produce a combustable fuel out of the organic fraction of MSW.
•Early composting technologies emerge for processsing source separated green waste and MSW.
•Early Material Recovery Facilities (MRFs) with manual and basic mechanical technologies are created 
for processing separated dual stream (paper / containers).

1990s

•Technological Advancements and Diversification of Waste Treatment Approaches
•Advanced RDF with better shredders, separation and drying technologies produce higher quality fuel 
and potential to co-fire with coal, however closure rates are high.

•Composting source separated organics becomes more common. Mixed waste composting continues 
to struggle and some large facilities fail.

•Mechanical Biological Treatment (MBT) combines front end sorting (recyclables) with biological 
treatment (composting or anaerobic digestion) to drive recovery from MSW stream.

•By the end of the decade single stream recycling with new technologies and larger facilities that use 
motor control systems, air density separation, optical sorters and automated storage came online to 
improve efficiency. Automated cart tippers emerged as well, reducing operating costs for collection.
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MODERN APPROACHES TO MIXED WASTE PROCESSING  

 

 
 

 

2000s

•Continued Advances and Integration of Thermal Treatment
•Single stream recycling takes off with more automation in mechanical sorting and trucks 
with larger carts increasing efficiencies.

•MBT facilies become widely adopted in Europe to comply with landfill diversion targets 
and provide alternative to high tip fees ($150/ton at the time).

•Thermal treatment such as pyrolysis or gasification added to MBT process to create MBTT, 
however, experience economic and technical challenges in scaling up.

•Increased adoption of RDF in cement kilns emerges, where it is co-fired with traditinal 
fossil fuels. Other applications of RDF struggle.

2010s

•Integration of Circular Economy Principles and Advanced Technologies
•Evolution of waste stream sees plastic outpacing newsprint, office paper and glass, leading 
to a less dense and more costly recovery of single stream recyclables. Market disruptions 
and quality issues on recycled commodities emerge as a huge threat.

•MRFs respond with more sensor-based technologies like near-infrared (NIR) spectroscopy, 
robotic sorting, and artificial intelligence. 

•Improved composting and AD of source separated organics gains momentum, while mixed 
waste composting largely abandoned.

•Refinement of RDF and introduction of Solid Recovered Fuel (SRF) terminology with higher-
quality outputs gains renewed attention. 

•Thermal treatment technology with the potential to produce synthetic gas while also 
reducing waste is explored. Thermal treatment faced challenges both economically and 
technically reducing ability to scale.

2020s

•Digitization and Increased focus on Circularity
•Decline in recycling rates leads communities and policymakers to focus on food waste, 
C&D and sortation of MSW

•AI and machine learning is increasingly used to improve recovery rates at MRFs and is 
integrated into the front end of MWP facilities. 

•Chemical recycling facilities are developed to address low plastic recycling and demand for 
post consumer resin (PCR).

•AD and advanced composting techniques are combined in facilities to improve organic 
recovery and produce renewable energy.

•Carbon capture technologies begin integrated within MBT facilities.
•Biochar production from organic fraction of MSW emerges as opportunity for carbon 
sequestraton and PFAS mitigation within a MWP system.
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SUMMARY OF HISTORICAL APPROACHES TO MSW RECOVERY 
The distinct approaches to recovery of waste from MSW can be grouped into the following categories:  

WASTE TO ENERGY (WTE) 
In the 1960’s and 70’s facilities using mass burn incineration (Waste to Energy WTE) with minimal pollution control was widely 
used to reduce waste volume. However, the practice led to public outcry due to concerns about air emissions. In addition, the 
remaining ash after combustion, which could be as low as 15 percent or more than 30 percent in some early plants, required 
special handling and its own disposal. Modern WTE plants incorporated advanced air pollution control technologies. These 
technologies gained acceptance in the 1980’s and 1990’s, especially in geographies with limited landfilling capacity, such as the 
Eastern US and Western Europe.  

COMPOSTING MIXED WASTE 
The 1980s saw pilot projects in composting mixed waste, though the results were suboptimal due to contamination and the 
poor quality of the compost produced. Often the resulting material was unsaleable because of its poor quality.  In the 1990s 
source-separated organics composting became more common, while mixed-waste composting continued to struggle with 
contamination issues. Many states implemented yard debris landfill bans, leading to the quick expansion of outdoor, windrow 
composting facilities around the country. In the 2010s source-separated organics processing matured, while mixed waste 
composting was largely abandoned.  As composting operations improved, many municipal and county programs added food 
waste to existing yard waste organics collections, and commercial organics collections were also added. 

REFUSE DERIVED FUEL (RDF) / SOLID RECOVERED FUEL (SRF) AND GASIFICATION 
RDF technology emerged in the 1980s to produce combustible fuel from mixed MSW. Mechanical processes shredded the waste 
and separated metals, glass, and non-combustible materials. The resulting RDF could then be used in industrial boilers or power 
plants. In some states, RDF could be “counted” as diversion. In the 1990’s RDF plants became more sophisticated, incorporating 
better shredding, separation, and drying technologies to produce higher-quality fuel. Some facilities began co-firing RDF with 
coal to address the operational difficulties faced by RDF only facilities. RDF became a more popular alternative fuel for the 
cement industry in the 2000s, where it was co-processed with traditional fuels. This trend grew as applications for RDF 
stumbled elsewhere. 

In the 2010s RDF production focused on improving fuel characteristics, and the term SRF (solid recovered fuel) was introduced 
to designate higher-quality RDF for specific industrial applications.  

Pyrolysis, gasification, and plasma arc technologies also continued to be explored in the 2010’s for their potential to produce 
synthetic gas (syngas) from MSW and reduce waste to inert slag. However, these technologies faced economic and technical 
challenges in scaling up, and based on preliminary research, they are not presently operating as intended.  

MIXED WASTE MRFS  
A form of MWP emerged in the 1990s that combined mechanical sorting with biological treatment (composting or anaerobic 
digestion) to handle mixed waste. The facility that separates the organics and remaining recyclables is usually called a mixed 
waste MRF, or an MSW MRF. Approaches to mixed waste MRFs have also been described as wet/dry operations. The dry 
approach is essentially a single stream MRF, and the wet process includes management of the organics fraction.  

The goal is to maximize resource recovery by sorting and marketing recyclables, while separating and stabilizing organic matter. 
Early MSW MRFs used primarily manual sorting to recover recyclables, followed by biological stabilization of the organic 
fraction through composting or digestion. MSW MRF facilities became widely adopted in Europe in the 2000s, where they were 
used to comply with landfill diversion targets. Several MSW MRF projects emerged in the US in the 2010s that incorporated 
automated sortation technologies, such as optical sorting, to enhance the prospects of recovery while reducing the dependency 
on manual sortation. This resulted in recovery of the organic fraction, rigid containers, as well as some OCC, but had problems 
with much of the fiber due to contamination and saturation of leachate.  

Recent developments in the 2020s have incorporated AI and machine learning into advanced sorting technologies, such as 
robotics and optical sorters, to improve recovery rates of containers within MSW MRFs. Meanwhile, advanced approaches to 
fiber recovery emerged, integrating fiber hydrolysis and pulping directly into processing, or incorporating industrial dryers to 
prepare paper for baling and marketing. There continue to be a range of approaches for managing the organic fraction, including 
composting and anaerobic digestion. Federal tax credits currently provide incentives to produce biogas and upgrade to 
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renewable natural gas, and many of the recent developments focus on AD as a result. However, in this approach, digestate 
remains a byproduct that requires additional treatment. Traditional treatment includes composting to stabilize and use for 
alternative daily cover. An emerging alternative is integrating a pyrolysis, or gasification process, to the back end of an AD unit 
to convert the digestate to biochar, which has the potential to generate carbon credits. However, this approach is not proven at 
a commercial scale.  

This project conducted in-depth research on this category of MWP, as it appears to be the most promising model for a context 
such as King County, based on preliminary evaluation.   

COMPONENTS TO MIXED WASTE MRFS 
The comparative analysis portion of this study focused on different iterations of mixed waste MRFs (also referred to as MSW 
MRFs). Fundamentally an integrated MWP facility seeks to separate organics, recyclables and residue.  A mixed waste MRF 
receives mixed MSW and sends the material through a series of processes to separate the organics and then sort the other 
recyclables from the remaining stream.  There are many different designs, equipment, and sequences.  

These approaches incorporate different elements of recycling and organic management within a single process. In communities 
with well implemented curbside recycling programs, even where curbside organics collection is also provided, the largest 
potential for additional landfill diversion is usually the organics fraction of the MSW.  Many of the technologies used to divert the 
organics include aerobic composting, anerobic digestion, and bioreactors, require the organics fraction to be separated from the 
rest of the waste stream to perform well.  That separation requires a sophisticated sorting process.  Once the organics have been 
removed from the mixed stream it becomes practical to sort other recyclables from the remaining stream using many of the 
same technologies used for sorting single stream recyclables.   

Table 3 is intended to provide a general idea of how an MSW MRF operates by presenting the universe of capabilities that 
stacking these technologies can achieve. Each example combines an alternative approach to combining four basic system 
elements: Pre-processing, Recovery of Recyclables, Organic Processing, and Residue Management. It is important to note that 
while this report attempts to separate specific technologies and processes into distinct elements, many of these processes are 
interdependent and there may be cycles in which materials are recirculated. The order in which these processes are aligned and 
how much the processes overlap are important considerations, beyond simply identifying which technologies are used.  

Pre-Processing Organic Processing Recovery of Recyclables Residue Management  

Receiving  Composting  

 Windrow  
 Aerated Static Pile 
 Covered Aerated Static Pile 

(CASP) 
 In-vessel Composting 

2D/3D Separation  Landfill Disposal 

Feeding Manual Sortation 
Alternate Daily 
Landfill Cover 

Sizing 

Anaerobic Digestion (AD) 

 Dry AD 
 Wet AD 
 High Biosolid AD (HSAD) 

Automated Sortation 

 Optical (NIR) sorting  
 AI Opticals & Robotic 
 Magnetic Separation 
 Eddy Current 

Incineration 

Presort  

Co-Digestion 

AI Assisted Quality Control 

AI Camera auditing, process 
oversight, real-time process 
adjustments 

Engineered Fuel 
(RDF / SRF) 

Organic Waste 
Extrusion 

Hydrolyzed fiber recovery Carbon Capture / 
Biochar  Dry fiber recovery  

Table 3. Components to MWP Systems 
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PRE-PROCESSING TECHNOLOGIES 
Table 4 outlines the different components that are typically included in the pre-processing stage of a MWP system. 

Technology Type Description 

R E C E I V I N G  

 
Input 

MSW is delivered to the facility in packer trucks, or transfer trailers, and discharged 
onto the tipping floor. The tipping pile is usually managed with a wheel loader. 
Problem materials such as mattresses or garden hoses are pulled out of the received 
material by a skid-steer loader or a grapple loader into a reject box. 

F E E D I N G  

 
Input 

Material is fed from the tipping floor by a wheel loader or grapple loader into a 
metering bin that automatically feeds the process line at an even rate. 

P R E S C R E E N  

 

Stream 
Separation 

In most facilities, a trommel or an auger screen is used to separate fines from the 
rest of the stream, and an overs fraction and a mid-size fraction are created. 

 

P R E S O R T  

 

Stream 
Separation 

The overs fraction is manually sorted for materials that may be hazardous or 
damage the equipment.  Large, corrugated cardboard (OCC) is picked at the presort 
or at an OCC disc screen that follows. 

 

S H R E D D I N G  

 

Size 
Reduction 

The remaining large fraction is usually shredded to a size (8-16”) that can be 
handled well by downstream equipment.   

 

O R G A N I C S  

S E P A R A T I O N  

 

Stream 
Separation 

The two larger streams are subjected to a series of processes to separate organic 
material from other materials. This usually is a combination of sizing screens and 
density separators. The fines and saturated paper may also be added to the organic 
fraction.   

If wet or high solid AD is a downstream destination the processes may use a press 
to extrude organics, either the liquid alone or including fibrous materials. Most 
saturated paper and grit will be included. The organic material is conveyed to a 
bunker or tank or loaded directly into transfer trailers. 

Table 4. Pre-Processing Technology Components 
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RECYCLABLE RECOVERY TECHNOLOGIES 
Table 5 outlines the different components that are typically included in the recycling stage of a MWP system. 

Technology Type Description 

2 D / 3 D  

S E P A R A T I O N   

 

Stream 
Separation 

Ballistic separators or polishing (disc) screens are used to separate flat (2D) 
materials from 3D materials remaining in the mid and large fractions. The flat 
material is mostly paper and flexible packaging including plastic bags.   

M A N U A L  

S O R T A T I O N  

 

Sortation and 
Capture 

Manual sortation is used to negatively sort non-target material, such as film and 
flattened containers, from the 2D fraction or positively sort target materials, such 
as #1 and #2 plastics from the 3D fraction. Manual sortation is also used as quality 
control to negatively sort non-target materials from commodity streams. These 
positions are rapidly being replaced by more automated methods.  

O P T I C A L  N E A R  

I N F R A R E D  ( N I R )  

S O R T A T I O N  

 

Sortation and 
Capture 

Optical (NIR) sorting of the flat stream separates the paper from the plastic. The 
paper is usually not marketable and is typically combined with the organic fraction. 
The 3D fraction includes bottles and cans as well as toys, kitchenware, 
miscellaneous hardware and many other materials. This stream is sorted using 
optical sorters, magnets and eddy current separators.   

F E R R O U S  M E T A L  

C A P T U R E  

 

Sortation and 
Capture 

Ferrous metal from each stream is captured by magnets, which are placed above 
the belt and capture ferrous materials as they pass underneath.  

N O N - F E R R O U S  

M E T A L  C A P T U R E  

 

Sortation and 
Capture 

Non-ferrous (mainly Aluminum) metals from each stream are sorted using Eddy 
current separators that use magnetic pulses to propel non-ferrous materials over a 
splitter into its own bunker.   

A I - A S S I S T E D  

S O R T A T I O N   

 

Quality Control 
The addition of Artificial Intelligence (AI) enables optical sorters or robotic systems 
to recognize and eject non-recyclable items. This is generally used for quality 
control.  

P A P E R  D R Y I N G  

 
Quality Control 

Paper in the MSW stream becomes saturated with liquid. A roll dryer can be used 
to dry this paper, making it more likely to be marketable. Questions on final market 
quality remain.  

H Y D R O L Y Z E D  

F I B E R  R E C O V E R Y  

 

Full process 
from capture to 
raw input 

Hydrolysis is a process using water and pressure to sterilize and liquify cellulosic 
material in MSW. This renders organic fiber and paper into a liquid slurry that can 
be separated from remaining solids. The liquid moves through a filtration process 
to clean and separate paper fibers into pulp that can be pumped directly into the 
manufacture of new paper products, or dried and marketed as recovered pulp. The 
organic fraction continues to flow to either water treatment or Anaerobic 
Digestion.  

Table 5. Recycling Technology Components 



Mixed Was te  Proce ss in g:  Te c hnol ogy Ass ess ment  a nd  C ompa ra tive  Overvie w  28

ORGANIC PROCESSING TECHNOLOGIES 
COMPOSTING TECHNOLOGY OPTIONS 

Composting refers to a natural process of recycling organic matter, such as leaves and food scraps, into a valuable fertilizer that 
can enrich soil and plants. This process involves the decomposition of organic materials by microorganisms in an aerobic 
environment (presence of oxygen), resulting in a nutrient-rich substance known as compost. Composting helps reduce waste, 
improves soil health, and lowers greenhouse gas emissions by diverting organic waste from landfills. Open windrow composting 
and Aerated Static Pile (ASP) composting are two examples of composting options for large volumes of source separated organic 
waste.  These are not suitable for MWP, as they are open air processes that present higher risk for odor and pest control. Within 
the context of MWP the composting approach typically deployed is a covered Aerated Static Pile system, or in vessel composting. 
This is due to the contaminated nature of the input, requiring approaches that are covered to mitigate nuisance issues, such as 
odors and pests.  

 COMPOSTING - CASP WITH BIOFILTRATION: CASP stands for Covered Aerated Static Pile. It is a composting method that 
involves aerating a static pile of organic material, including food waste, yard waste, or biosolids, while keeping it covered 
to control environmental factors like moisture and temperature. CASP employs some key approaches that differentiate 
it from other composting systems: 
 Aeration: The pile is aerated using a system of blowers or fans to introduce oxygen, which speeds up the 

decomposition process and reduces odors. 
 Static Pile: Unlike windrow composting, the material remains in a single pile without being turned regularly, which 

saves labor and reduces physical disturbance. 
 Covering: The pile is often covered with a layer of finished compost, which provides a biofilter covering, or a 

microporous synthetic membrane covering. This cover helps to control moisture, temperature, and odor, while also 
preventing pests and minimizing environmental impacts such as runoff. 

CASP systems are commonly used for large-scale composting operations and municipal organic waste programs due to 
their efficiency and ability to control odors and environmental conditions.  Programmatically, the evolution of organics 
processing towards more food waste with lesser emphasis on yard debris is shifting facility operators toward CASP 
systems.  For instance, CASP systems can assist in managing the additional vector, odor, moisture, and process control 
requirements that are imposed on a system with the addition of a heavy concentration of food waste.   

Biofiltration is a process used to control and mitigate odors, volatile organic compounds (VOCs), and other air 
pollutants generated during the decomposition of organic materials. The coverings employed in CASP systems provide 
biofiltration but other biofilters can also be applied in addition. Briefly, the technical benefits of filtration include odor 
control (important at sites with close neighbors), reduction of air pollutants (scrubbing of sulfides, ammonias, and even 
methane), and cost effectiveness (do not require costly chemicals). Within the context of MWP CASP has the lowest risk 
potential for odors or pests 

 IN-VESSEL COMPOSTING: In-vessel composting (IVC) was developed in the mid-20th century as a solution for more 
efficient and controlled organic waste management. Initially used in agricultural and municipal contexts, it gained 
traction due to its ability to accelerate composting by containing and controlling environmental conditions (e.g., 
temperature, moisture, and oxygen). Early systems were simple and low-tech but offered improvements over 
traditional windrow composting, which was more exposed to weather conditions, and required more space. Over time, 
technological advances made in-vessel composting more automated, reliable, and capable of handling a wider range of 
organic materials, including food scraps, yard waste, biosolids, and agricultural residues. During its recent operational 
history much of the focus of this technology has been the composting of MSW streams. The systems evolved into various 
types, including rotating drums, agitated beds, and static bins, all designed to optimize composting speed and efficiency. 
Because the system typically emphasizes early and enhanced digestion with relatively low residence time, in some 
cases, a secondary stabilization process, usually undertaken in a secondary composting pile, for a period of weeks or 
months.  However, the high initial cost of capital, relatively poor performance in terms of final product quality, and 
industry bankruptcies have caused this technology to languish in comparison with its other aerobic composting and 
anaerobic digestion competitors.   
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ANAEROBIC DIGESTION OPTIONS 

Anaerobic digestion (AD) is the most commonly observed approach to processing the organic fraction of the MSW stream. AD 
technologies are classified based on the solids level of processed material. The preprocessing approach to separating the organic 
fraction of the MSW stream would define the available AD approach. There are three primary approaches to Anaerobic Digestion 
that could be considered: 

 

 WET ANAEROBIC DIGESTION: Wet AD systems are the most common type of AD system operating in the US. They are 
commonly used at water resource recovery facilities for wastewater treatment where food waste is co-digested with 
sludge. Wet systems handle materials with very low solids content, often achieved by dilution before processing. These 
systems are best suited for liquid waste but can manage a variety of organic materials. Wet AD systems require heating 
and mixing the incoming feedstock, and are sensitive to contamination, often requiring extensive pre-processing 
(especially for feedstocks prone to contaminants, e.g., MSW). 

 DRY ANAEROBIC DIGESTION-BATCH: Dry AD systems require less water and are optimal for processing solid waste such 
as yard waste or food waste. The process involves containing incoming feedstock in a static and sealed, oxygen-free 
structure, usually accessed via a bay door for loading and unloading.  For this reason, it is sometimes called “garage 
style” AD. The waste decomposes over time, with the liquid digestate fraction percolating over the pile to expedite 
biological processes through circulation of nutrients and microbes. The primary advantage of dry AD is the lower 
requirements for energy to heat and mix the waste, lower water demand, and less space. 

 DRY ANAEROBIC DIGESTION - CONTINUOUS: Also known as plug flow digestion or high solids anaerobic digestion 
(HSAD), this technology handles liquefied high solids material with little to no added water. The slurry-like material in 
these systems flow through the digester with minimal heating and mixing, making it particularly effective for processing 
yard waste, food scraps, and other dense organic materials. HSAD systems are more complex and require greater initial 
investment, but offer steady, continuous operation in a relatively small footprint and produce a higher yield of biogas. 
This is the primary method utilized to manage the organic fraction derived from the MSW stream.  

A major technical and financial consideration for deployment of all stand-alone anaerobic digestion facilities is finding 
management solutions for the remaining digestate. Liquid digestate likely requires further management (for a fee) in a water 
treatment setting.  Similarly, solid digestate from dry or HSAD systems also needs stabilization before it can be used as a fertilizer 
or soil amendment.  This often requires establishing a composting facility to handle this material which further adds to the 
overall system of cost of managing the underlying flow of organic material. With MSW feedstock the end use of this compost is 
not considered to be suitable for agricultural application and must ultimately be managed as an alternate daily cover at landfills. 
In this circumstance, as the methane has already been extracted the materials would not be a source of fugitive emissions, as 
they would be if they go straight to the landfill.  The digestion and stabilization process is estimated to reduce mass by 25–65 
percent. 
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Technology Type Description 

COMPOSTING – 
CASP 
W/BIOFILTRATION 

Outdoor System 

Nitrogenous organic material is mixed with higher carbon-content materials and 
formed into windrows over an aeration system. Aeration is negative (sucking) in 
order to pass through the bio-filter.  A significant curing period could be needed 
for full organic stabilization. Considering the contaminated nature of the MSW 
stream and risks associated with odor and pest control, this is a possibility for a 
MWP system, though it presents greater risks than fully enclosed options.  

IN-VESSEL 
COMPOSTING 

Outdoor or Indoor 
System 

Organic material is mixed to an appropriate recipe and loaded into the “vessel” 
where it is agitated, rotated or otherwise turned until initial decomposition has 
occurred. A significant curing period is usually required for full organic 
stabilization. This is a possibility for a MWP system, as the process is enclosed 
and mitigates odors and pests. 

ANAEROBIC 
DIGESTION 

Outdoor enclosed 
anaerobic 

Organic material is typically mixed and warmed in a closed, airtight tank. 
Microorganisms break down or “digest” organic material without the presence 
of oxygen, typically for 6 weeks. Energy recovery from methane generation is 
common. Household, industrial, institutional, and commercial organics (e.g. food 
waste) provide excellent nutrient sources in the digester. This is not a solution 
for large amounts of yard waste. This is an ideal process for managing the organic 
fraction of the MSW stream; however, the remaining digestate still needs to be 
managed.  

Table 6. Organic Recovery Technology Components  

RESIDUAL MANAGEMENT FOR BENEFICIAL USE 
Following separation, capture, and utilization of recoverable materials through recycling, composting or digestion there will be 
a remaining fraction that must be managed. This includes the remaining fraction of materials that come out of the back end of 
the MSW MRF, including textiles, diapers, non-recoverable plastics, toys, mixed materials and other non-recoverables. It also 
includes digestate. In some cases, such as composting, the end product may not be suitable for traditional end markets and may 
resort to use as alternate daily landfill cover. This is also the case for digestate produced through AD.  

LANDFILL COVER 
Landfill cover refers to the layer of material placed over the waste at the end of each day in a landfill. This material is essential 
for the operation and management of a landfill and serves multiple purposes. This end of day activity covers the compacted 
waste with a 6 – 12-inch-thick layer of material that assists in odor suppression, pest and vermin (vector) control, litter 
prevention, fire suppression, run-off prevention that reduces leachate production, and greenhouse gas emission reduction. 
Although soil is the most usual material used for landfill cover, alternative daily cover materials like compost or aggregate 
produced from a MWP facility can be substituted in some cases. This option would not be an effective solution for Cedar Hills, 
which utilizes a tarp system for daily cover.  

ENGINEERED FUEL 
Engineered fuel was referenced above as a stand-alone approach to MWP through Refuse Derived Fuel (RDF) and Solid 
Recovered Fuel (SRF) technologies. For the purposes of this study the terms can be considered synonymously. One strategy of 
maximizing landfill diversion through an integrated MWP facility is processing the remaining residual into engineered fuel to 
power the facility. This approach may be an unrealistic pursuit for King County within the current WA regulatory and political 
landscape.  

Pyrolysis, gasification, and plasma arc technologies also continued to be explored in the 2010s for their potential to produce 
synthetic gas (syngas) from MSW and reduce waste to inert slag. However, these technologies faced economic and technical 
challenges in scaling up and based on preliminary research are not presently operating as intended. Additionally, the rigorous 
air permitting conditions in King County and history of NIMBY and Environmental Justice concerns would present a significant 
hurdle for this approach.  

DIGESTATE MANAGEMENT THROUGH PYROLYSIS 
Biochar production from the digestate, which is a nutrient rich by-product of anaerobic digestion, is an innovative approach that 
is being explored by developers of MWP operations, though it was not yet incorporated in any of the examples studied and is 
unproven on a commercial scale.  The proposed process would generate biochar from the digestate (not from MSW directly).  
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During this process, the digestate is heated in an oxygen-limited environment, which thermochemically transforms the organic 
material into a stable form of carbon, capturing it for several hundred years. Thus, it constitutes a moderate term carbon 
removal, mitigating climate change and creating carbon negative end products. Biochar is highly porous and has several unique 
properties that lend to a variety of applications. The process reduces the volume of digestate, minimizes odor, and stabilizes 
nutrients, potentially making them more available for agricultural applications as a soil amendment. Biochar can enhance soil 
fertility, improve water retention, promote microbial activity in the soil, benefiting crop growth and possibly reduce the impact 
of PFAS substances. Furthermore, incorporating biochar into soil helps reduce greenhouse gas emissions by preventing nutrient 
leaching and nitrous oxide release. While biochar production offers a way to manage and potentially create value from digestate, 
its application to digestate produced from MSW also raises some concerns.  Additional research needs to be done to better 
understand this process within the context of the MSW waste stream including consideration of the impact of heavy metals, 
which are likely to be consolidating in the digestate, or other compounds like microplastics or hazardous substances that may 
be transformed during the pyrolysis process. Pyrolysis to biochar projects also may face regulatory hurdles related to use of 
MSW derived biochar in agricultural applications or stricter air emissions and permitting due to regulation of technology similar 
to Solid Waste Incineration  

LANDFILL DISPOSAL 
In all MWP processes there will be a portion of material for which landfilling is still necessary. This depends on the materials 
available for capture, as described in tables 4 and 5, and the technologies and processes used to target those materials, as 
presented above in this section. For example, even in a system that captures a maximum amount of recyclables and organics and 
converts residue into RDF there is a resulting ash that will need to be landfilled.  The comparative analysis section details 
information on material available for diversion in a MWP system, the materials targeted for the different diversion technology 
options and the associated landfill diversion percentage associated with each option after moving through the process.



 

 

 

 

 

 

 

 

MWP Technology Profiles 
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This section provides an overview of research into existing facilities that reflect a range of MWP technology systems and a preliminary comparative analysis of 
the projects. The profiles reflect projects designed within their respective geographies. The options all have a different scale and work with different composition 
of materials that reflect other diversion activities in the surrounding communities. This is a preliminary comparison, as these differences in context make it 
difficult to present a full comparison considering common scale and inbound composition. The following comparative analysis section provides a more 
comprehensive comparison of the technology options deployed by the projects profiled within a common context overlaid representing the conditions in King 
County. The following table organizes the profiled projects by complexity, from basic systems to more advanced configurations. 

Project Name MWP Technologies 
Rumpke - Medina County Recycling and Transfer  
 

Basic Mixed Waste MRF / Transfer Station 

WM Sun Valley / Anaergia - Rialto Bioenergy 
 

Organic Press, External Anaerobic Digestion 

BHS / Athens Services – Sun Valley 
 

Organic Press, Advanced MSW MRF, External Anaerobic Digestion 

BHS - CleanLane Resource Recovery Facility 
 

Advanced MSW MRF, Anaerobic Digestion 

FCC - Placer County Waste Recycling Compound  
 

Advanced MSW MRF, Paper Drying, Covered Aerated Static Pile Composting 

RDS Virginia / AMP ONE - Portsmouth Facility 
 

Advanced MSW MRF, Anaerobic Digestion, Biochar Processing 

Georgia Pacific - Project Juno 
 

Organic and Fiber Hydrolysis, MSW MRF, Anaerobic Digestion, Optional RDF Boiler 

Table 7. MWP Project Profiles 
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MWP Technology Options Comparative 
Analysis  
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INTRODUCTION 
The following section presents results of a scenario-modeling exercise that analyzed nine different technology options, 
composed of different combinations of recovery technologies described above in the Mixed Waste Technologies section and 
MWP Technology Profiles. These "technology stacks" are designed in a way that “tracks” with the profiled MWP projects, while 
harmonizing the context to fit the King County landscape by setting common boundaries in terms of system throughput and 
inbound material composition. The reason for harmonizing context is to establish a level playing field for evaluation. When 
studying each project within their respective contexts, the wide range of scales and inbound feedstock composition resulted in 
an inability to directly compare their relative performance.  Setting common system boundaries allowed for a more accurate 
comparative analysis for a large-scale system located in King County.  

In terms of system throughput each system was modeled to process the same amount of inbound MSW. It assumed that all 
systems would process 100 tons per hour operating on two shifts, five days a week, resulting in a system designed to manage 
416,000 tons of MSW per year.   

The common parameters for material composition included two scenarios: a baseline and a future scenario. The differences 
are described above in the Error! Reference source not found. section. This includes a baseline composition scenario 
representing the most recent waste composition study conducted for King County by Cascadia Consulting Group in 2023 using 
data from 2022. It also includes a future composition scenario reflecting a 2035 waste composition forecast that was 
conducted by King County staff. The performance of any MWP system depends on the material available for recovery and has a 
significant impact on expected performance in terms of diversion and net cost.  

The results are organized by the following evaluation criteria. These are described in more detail in the Methodology section, 
above: 

Criteria Description 

Past Performance Risk 
Extent that the system has successfully been operated in other markets and/or any 
evidence of failure, default or operating not as intended 

Recovery and Diversion 
Amount of MSW diverted from landfill for recovery annually as a percentage of the 
disposal stream 

Capital Cost Estimated total cost to develop and build the site  

Annual Operating Cost Estimated annualized cost to operate the site  

Climate Impacts Expected annual GHG emissions reduction  

Total Net Cost 
Estimated net cost including annualized capital and operating costs and revenues of 
recovered materials expressed in net cost per ton diverted 

Net Cost per Ton Diverted Total net cost divided by tons diverted expressed as $/ton diverted 

 

Table 8 outlines technology scenarios that were evaluated in order of basic to complex. Two of the profiled systems were split 
into multiple configurations to represent a broader range of options to compare. For example, Project Juno had an option for 
including an RDF process. The research team wanted to evaluate the system with and without this option.  The RDS/AMP One 
system was also split into two options with one representing a scenario that only includes a mixed waste MRF and the other as 
a more complete, integrated system with a MRF, AD and Biochar production.  
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PAST PERFORMANCE COMPARATIVE ANALYSIS 
Table 9 summarizes the comparative analysis of past performance for the technology scenarios and describes the reasoning. 
The technology options ranged from those that operated as intended for greater than three years to proposed systems that 
have yet to be operated on a commercial scale. Some systems have been in operation for longer but have not operated as 
planned or on a large commercial scale consistent with the defined system boundaries of the comparative model. The risk 
analysis remains the same in both the baseline and future composition scenarios.  

A B C D E F G H I 

Hybrid MRF 
/ Transfer 
Station 

Mixed Waste 
MRF 

AD 

Mixed 
Waste 
MRF + 
Separate 
AD  

Mixed 
Waste MRF 
+ co-located 
AD + RNG  

Mixed Waste 
MRF + paper 
dryer + co-
located 
compost 

Mixed Waste 
MRF + co-
located AD + 
RNG + 
Biochar for 
solid 
digestate 

Paper 
hydrolysis 
& drying + 
Mixed 
Waste MRF 
+ co-located 
AD + RNG 

Paper 
hydrolysis & 
drying + 
Mixed Waste 
MRF + co-
located AD + 
RNG + RDF 
and boiler 

High Risk: 
Unproven 
with MSW. 
Experience 
related to 
contaminat-
ed 
commercial 
single 
stream. 

Moderate 
Risk: Proven 
for less than 
three years at 
a smaller 
scale. 

Moderate 
Risk: 
Operating for 
more than 
three years, 
but original 
owner filed 
for 
bankruptcy 
and sold 
facility for a 
fraction of 
development 
cost.  

Low Risk: 
Continuou
s 
operation 
for more 
than three 
years as 
intended. 

Low-
Moderate 
Risk: Like 
other BHS 
systems 
that have 
operated for 
more than 
three years 
but adds a 
new design 
that 
integrates 
Anaerobic 
Digestion 
on site. 

High Risk: 
Similar 
systems have 
operated in 
Europe for 
more than 
three years, 
but not in the 
U.S. There is 
no viable 
evidence of 
composting 
market 
beyond 
alternate 
daily cover, 
which is not 
a potential 
end use in 
King County.  

Moderate-
High Risk: 
Technology 
stack has 
never been 
operated as a 
combined 
system, 
though most 
components 
have inde-
pendently. 
The Biochar 
component 
is completely 
untested at 
commercial 
scale and 
markets are 
undeveloped 
using solid 
digestate 
from MSW. 

Moderate - 
High Risk: 
Pilot facility 
operates at 
less than 
intended 
scale and 
does not 
include all 
the 
elements of 
this 
proposed 
design, 
though each 
has been 
proven 
independen
t-ly.  

High Risk: 
Pilot facility 
operated at 
less than the 
intended 
scale, does 
not include 
all the 
elements of 
this proposed 
design, and 
thermal 
combustion 
is not 
considered a 
viable 
solution in 
this study. 

Table 9. Comparative analysis of operational performance and risk  

Technology 
Options  

A B C D E F G H I 

 

Technology 
Stack 

Hybrid 
MRF / 
Transfer 
Station 

Mixed 
Waste 
MRF 

AD 

Mixed 
Waste 
MRF + 
Separate 
AD  

Mixed 
Waste 
MRF + co-
located 
AD  

Mixed 
Waste 
MRF + 
paper 
dryer + 
co-located 
compost 

Mixed 
Waste 
MRF + co-
located 
AD + RNG 
+ Biochar 
for solid 
digestate 

Paper 
hydrolysis 
& drying + 
Mixed 
Waste 
MRF + co-
located 
AD + RNG 

Paper 
hydrolysis 
& drying + 
Mixed 
Waste 
MRF + co-
located 
AD + RNG 
+ RDF and 
boiler 

Example Rumpke   
RDS / 
AMP One 
(a) 

WM / 
Anaergia 

Athens BHS FCC 
RDS / 
Amp One 
(b) 

Juno (a) Juno (b) 

Table 8 Technology Options Considered in the Scenario Analysis 
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Most of these options reflect moderate to high risk. As described in the Mixed Waste Processing Technologies section, MWP 
systems do not have a long history of commercial-scale success in the US and are therefore inherently risky4.  

The only system studied that is determined to be low risk because it operated for greater than three years as intended at a 
large commercial scale is represented by Option D. Option E is determined to be low-moderate risk, because the different 
components have been operating independently for longer than three years, however they have not operated in the exact 
sequence on the same site. Option B is moderate risk, as it has been operating on a commercial scale, however it has been less 
than three years and at a smaller scale than the modeled system.  

Option C is moderate risk. The project developer, Anaergia, had to file for bankruptcy and sell the facility for much less than the 
cost of development. This was described as necessary due to difficulty securing feedstock and tip fees, as regulation was 
delayed that would require materials to be sent there and competing landfill tip fees were lower. There were also logistical 
challenges and operating costs associated with transfer times between the facility that separated organics from MSW and the 
AD facility, which was over 40 miles away.  

Option G is considered moderate - high risk, as it introduces a new process - integrated Biochar Processing of solid digestate 
that has not been implemented in this context. This option was included in the analysis as the study wanted to consider a 
system designed to manage solid digestate from AD, which otherwise would be landfill bound in King County.  Additionally, the 
pyrolysis of digestate is a promising solution to mitigate PFAs in digestate as it has been shown to volatilize PFAs compounds 
which can then be destroyed via a thermal oxidizer on the pyrolysis unit. 

Likewise, option H is moderate - high risk based on past performance, as it is modeled after a demonstration system that has 
not operated at a scale matching the modeled system and currently does not integrate the pulp drying or AD components, each 
of which have been proven independently, but not as an integrated system.  

Option F is considered high risk. The developer, FCC, has operated such facilities in Europe for many years. However, it has not 
done so in the U.S., which has a different context in terms of the MSW composition.  This is also the only option in the analysis 
that directs the organic fraction to composting. The market and utilization of compost depend on testing of the output for 
toxins, which has not been conducted for this material in the example studied. If the compost cannot be land-applied it would 
be bound for landfill in the King County context, as alternate daily cover is not an option at Cedar Hills due to the existing 
landfill cover arrangement.  

Option A is considered high risk, as the example studied did not use the system to process MSW, rather it processes 
contaminated single stream recycling from commercial sources.  

The lowest rated option from a past performance perspective was modeled Option I. Like H, the example project studied is 
only a demonstration scale pilot, which is much smaller than the system boundaries in this analysis. In addition, the option 
had several components that have not operated in sequence at the same site as a part of the pilot configuration, including the 
RDF boiler. Finally, there is a significant question of feasibility in terms of political will and permitting potential for a solution 
that relies on thermal combustion. This study did not consider thermal combustion as a preferred recovery pathway.  

When considering past performance risks RRS does not recommend considering options at this time that demonstrate high 
risk associated with past performance. This includes the following options, which have been removed from further analysis: 

 A: Hybrid MRF / Transfer Station 
 F: Mixed Waste MRF + Paper Dryer + Co-located Compost 
 I: Paper Hydrolysis + Mixed Waste MRF + AD + RNG+ RDF Boiler 

  

 

4 These systems are more prevalent  in Europe where stronger regulatory frameworks, higher landfill costs and integrated waste infrastructure have 
shaped that landscape., European Versus American Views on Thermal and MBT 
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RECOVERY AND DIVERSION COMPARATIVE ANALYSIS 
Recovery and Diversion are based on three considerations. First, it starts with the amount of material available for recovery. 
MWP systems are not designed to capture all materials, rather, they target materials that reflect market value potential and 
have proven recovery methods. In this study it corresponds to the diversion potential described in Figure 6 and Figure 7, 
which define the potential material available for capture within the context of the inbound MSW composition. 

Table 10 displays materials considered available for recovery in an MWP system according to this analysis, displayed as a 
percentage of the total inbound MSW stream: 

Material Group Available MSW Fraction for 
Recovery (based on 2022 KC 
Waste Comp) 

Available MSW Fraction for Recovery 
(based on 2035 KC Waste Comp Forecast) 

OCC 4.3% 4.7% 

Mixed Paper 5.9% 5.9% 

Ferrous 2.6% 3.3% 

PET 1.2% 1.5% 

HDPE-Nat 0.2% 0.2% 

HDPE-Col 0.6% 0.8% 

PP 0.9% 1.2% 

Film 4.6% 5.7% 

AL-UBC 0.4% 0.4% 

AL-Foils 0.2% 0.3% 

Glass 2.0% 2.2% 

Compostable Paper 5.6% 1.6% 

Food Waste 17.8% 5.1% 

Yard Waste 2.8% 1.7% 

Total 49.1% 34.5% 

Table 10. Materials available for recovery in MWP systems 

Totals may not sum due to rounding. 

 

In the baseline scenario MWP systems could potentially capture 49.1% of MSW sent to the facility and in the future forecast 
34.5% of the inbound stream could be captured. In a future study, it could be useful to consider splitting MSW into different 
fractions and consider, for example, only route-based residential MSW, excluding commercial MSW and Self-haul materials. 
Some of the example projects have taken this approach, including CleanLane, which helps to explain why expected diversion is 
higher than this model is presenting.  

The second consideration is the fraction of recoverable material that each technology stack is designed to capture. At a basic 
level MSW is split into three streams: 

1. Organics 
2. Recyclables 
3. Non-Recoverable 

Table 11 outlines the materials targeted for capture in each technology option. Most options (D-I) target both organic and 
recyclable streams. Option A only targets high value recyclable commodities. Option B targets only recyclables and Option C 
targets only organics. In any system that targets organics, except H and I, a portion of OCC and mixed paper flows with the 
organics, as they are typically saturated and aggregate with that stream, and glass, grit and fines flow with the organics due to 
the small and heavy nature of the material which will aggregate with the heavier organic materials and move through the 
process as a contaminant to be managed with the output (either compost or solid digestate). In Options H and I all fiber is 
captured for recycling, and glass, grit and fines can be recovered in a float-sink process. If materials flow with the stream but 
are not captured, their quantity is included when calculating costs but is not included in the recovery figures. 
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Material 
Group/Technology 
Options 

A*5 B C D E F* G H I* 

OCC X X X X X X X X X 

Mixed Paper  X X X X X X X X 

Ferrous X X  X X X X X X 

PET  X  X X X X X X 

HDPE-Nat  X  X X X X X X 

HDPE-Col  X  X X X X X X 

PP  X  X X X X X X 

Film  X  X X X X   

AL X X  X X X X X X 

Glass        X X 

Compostable Paper   X X X X X X X 

Food Waste   X X X X X X X 

Yard Waste   X X X X X X X 

Table 11. Materials targeted for recovery in the technology options. 

The capture rates used in the model come from RRS's proprietary Material Recovery Model, which synthesizes the expected 
capture of each material through each different process. This differs from self-reported recovery figures, which are dependent 
on varying inputs and contexts and may be overly optimistic. Therefore, the RRS Material Recovery Model critically analyzed 
each of the reported recovery rates and made adjustments to better reflect real world commercial-scale performance. Table 12 
outlines the material diversion rate assumptions applied in the model for each recovery process.  For example, a diversion rate 
of 10% for a given technology would indicate that 10% of that category of incoming material would be captured for recovery. 

Technology Mixed Waste 
MRF 

Mixed Waste 
MRF + Paper 
Dryer 

Hybrid Mixed 
Waste MRF 
Transfer 
Station 

Paper 
Hydrolysis & 
Drying 

Anaerobic 
Digestion + 
RNG 

Compost 

Diversion Type Recycling Recycling Recycling Recycling Organics Organics 

Category Diversion Rate Diversion Rate Diversion Rate Diversion Rate Diversion Rate Diversion Rate 

OCC 10% 55% 10% 90% 25% 25% 
Mixed Paper 10% 25% - 90% 75% 55% 
Ferrous 50% 50% 50% - - - 
PET 61% 61% - - - - 
HDPE-Nat 69% 69% - - - - 
HDPE-Col 70% 70% - - - - 
PP 40% 40% - - - - 
Film 50% 50% - - - - 
AL-UBC 45% 45% 45% - - - 
Glass - - - 100% 100% - 
Compostable 
Paper 

- - - - 80% 75% 

Food Waste - - - - 90% 80% 
Yard Waste - - - - 90% 80% 

Table 12. RRS Capture Rate Estimates by Material and Process 

 

5 Options A, F and I have been removed from the remaining analysis. 
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The final consideration is whether the recovery is recycling, composting, anaerobic digestion (AD), or thermal combustion. 
When considering landfill avoidance, thermal combustion presents an opportunity for maximizing landfill avoidance, as only 
15% ash remains by weight after combustion. However, this study does not consider combustion as an ideal outcome, as there 
are substantial environmental and human health impacts that require further evaluation. The primary goal of a MWP system 
in this study is recovery through recycling, composting or AD. 

Option H represents the highest potential recovery through recycling, composting or AD. The main factor that drives increased 
recoverability in this option is the ability to capture all the OCC, mixed paper, and glass, grit and fines for recycling. The 
hydrolysis process pulps the fiber and separates it before it goes to AD. In this process the saturation of paper does not hinder 
its ability to be recycled. The process results in liquification of all organics and fiber. This enables an added process to capture 
glass, grit and fines that drop out of suspension, which can be marketed as aggregate. 

All options that utilize AD have a stream of solid digestate that must be managed at the end of the process. This study does not 
consider composting digestate for land application as an option because the highly concentrated contamination is expected to 
include toxins, such as PFAS. Further, there is a lack of evidence demonstrating utilization of composted digestate from MSW in 
anything other than alternate daily cover (ADC). In other contexts, this material could be used for ADC at a landfill; however, in 
King County, this is not an option, as Cedar Hills uses a tarp system to cover the open sections of the landfill. Absent an 
additional process to handle the solid digestate, this study considers it as residue to be landfilled at the end of the process. This 
applies to options C, D and E. Option G introduces a procedure to process the digestate into biochar, which can be sold into the 
aggregate market, used for filtration, and could potentially generate carbon credits. It should be reiterated that this process 
has not been proven on a commercial scale. However, within this comparison it is considered a viable recovery pathway.  

Comparative Analysis Model Results 

Table 13 presents the modeled estimates of diversion for the remaining technology options that were not deemed high risk in 
the past performance criteria within the context of the MSW composition in 2022 and 2035, respectively. For the purposes of 
this study the model uses present values for comparative analysis 

Option B C D E G H 

Technology Stack Mixed Waste 
MRF 

AD Mixed Waste 
MRF + Separate 

AD 

Mixed Waste 
MRF + co-

located AD + 
RNG 

Mixed Waste 
MRF + co-

located AD + 
RNG + Biochar 

for solid 
digestate 

Paper 
hydrolysis & 

drying + Mixed 
Waste MRF + 

co-located AD + 
RNG 

Total Tons 
Diverted - 
Baseline 

                                                         
26,832  109,745 136,577 

                                                      
136,577  

 

                                                      
145,475  

 

                                                      
156,431  

 
Diversion (Gross 
%) - Baseline 

6% 26% 33% 33% 35% 38% 

Total Tons 
Diverted - Future 

                                                         
32,335  

 

                                                         
50,269  

 

                                                        
82,605  

                                                         
82,605  

 

                                                         
86,680  

 

                                                      
102,247  

 
Diversion 
Avoidance (Gross 
%) - Future 

8% 12% 20% 20% 21% 25% 

Table 13. Landfill Diversion Comparative Analysis 

For the remaining options the maximum recovery through recycling, composting or AD is 38% in the baseline scenario and 
25% in the future scenario. 

Scenario B only focuses on marketable recyclables, which represent a limited fraction of the MSW stream in both scenarios 
(22.9 percent baseline and 23.6 percent in the forecast). With an 80 percent reduction in organics in the 2035 scenario there is 
limited diversion available for that portion of the waste stream (6.8%). This has a major impact on Scenario C, which only 
targets organics, and caps the diversion potential for scenarios D-H.  
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CAPITAL COST COMPARATIVE ANALYSIS 
Capital cost incorporates three components.  

 Site development and building costs. This depends on the estimated square footage needed for the buildings and the 
cost per square foot. The cost per square foot was estimated by RRS to be $300. This includes all development and 
permitting required. In the model these costs were annualized considering a 30-year lifespan, assuming bond financing at 
5.24 percent interest rate. The square footage required based on the system boundaries are as follows: 

Technology Components Options Sq. Ft. Building Cost 
Estimate ($) 

MRF A, B 60,000  $       19,800,000  

AD/Compost C 30,000  $         9,900,000  

MRF+AD/Compost D, E, F 90,000  $       29,700,000  

MRF+AD+Biochar G 92,000  $       30,360,000  

Hydrolysis+MRF+AD+RNG+RDF and Boiler H, I 210,000  $       69,300,000  

 
 Land cost This depends on the number of acres for the project site and the cost per acre. The study used a cost per acre in 

King County of $2 million, which was defined by King County staff. In the model these costs were annualized considering a 
30-year lifespan, assuming bond financing at 5.24 percent interest rate. The square footage required based on the system 
boundaries are as follows: The number of acres needed for a site based on the system boundaries are as follows: 

Technology Components Options Acres Land Cost 
Estimate ($M) 

MRF B 10  $           20M  
AD C 15  $           30M  
MRF+AD D, E 25  $           50M  
MRF+AD+Biochar G 27  $           53M  
Hydrolysis+MRF+AD H 25  $           50M  

Rounding may affect reported values. 

Option H requires a smaller AD unit as all paper fiber is removed from that process.  

Equipment cost. These estimates are based on RRS adjustments to researched costs, scaled up or down to meet the system 
boundaries. In the model capital expense is calculated for equipment using a 10-year lifespan, assuming public bond financing 
at 4.32 percent interest. 

 

 
 
 
 
 
 

 

 

Comparative Analysis Model Results 

Table 14 presents the modeled estimates of capital costs for the remaining technology options that were not deemed high risk 
in the past performance criteria within the context of the MSW composition in 2022 and 2035, respectively.  

 

 

 

Equipment Option Cost 

Organic Press C, D ($36,000,000) 

Mixed Waste MRF B, D, E, G, H ($32,500,000) 

Hydrolysis H ($185,000,000) 

Anaerobic Digester + RNG C, D, E, G, H ($40,000,000) 

Biochar G ($3,000,000) 
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Option B C D E G H 

Technology 
Stack 

Mixed Waste 
MRF 

AD 
Mixed Waste 

MRF + 
Separate AD 

Mixed Waste 
MRF + co-

located AD + 
RNG 

Mixed Waste 
MRF + co-

located AD + 
RNG + 

Biochar for 
solid digestate 

Paper hydrolysis & 
drying + Mixed 

Waste MRF + co-
located AD + RNG 

Total Capital 
Costs - Baseline 

$70,500,000 $138,000,000 $208,500,000 $172,500,000 $179,100,000 $393,500,000 

Annual Capital 
Costs - Baseline 

$6,611,032 

 
$14,832,587 $21,443,619 

 

$16,934,159 

 

$17,550,578 

 

$42,514,084 

 

Tons Diverted-
Baseline 

26,832 

 

109,745 

 

136,577 

 

136,577 

 

145,475 

 

156,431 

 

Annualized 
Capital Cost 
(per ton 
diverted) - 
Baseline 

$246.39  $135.16  $157.01  $123.99  $120.64  $271.78  

Total Capital 
Costs -–Future 

$70,500,000  $115,000,000  $185,500,000  $149,500,000  $156,100,000  $370,500,000  

Tons Diverted-
Future 

32,335 50,269 82,605 82,605 86,680 102,247 

Annualized 
Capital Cost 
(per ton 
diverted) -
Future 

$204  $241  $227  $172  $171  $389  

Table 14. Capital Cost Comparative Analysis 

 

Options B and C have lower relative capital costs because they only focus on one recovery stream (recyclables or organics, 
respectively). Options C-H have higher relative capital costs in the baseline scenario than the future scenario as more materials 
flows through each recovery process, requiring larger scale systems.  Option D includes additional capital equipment to press 
the organic fraction for transport to an external AD facility. In the future scenario there is less material available for recovery. 
Some equipment can be downsized for a marginally lower capital cost, but many core components for the MRF and AD units 
have fixed costs that remain constant even with the modeled lower throughput in the future scenario.  

OPERATING COST COMPARATIVE ANALYSIS 
Operating costs are based on a combination of project research and other RRS proprietary recovery cost models. The costs are 
presented on a per ton basis for the tonnage flowing through each technology component within each option. 

The following table outlines the operating cost per ton assumptions used in the model for each type of technology analyzed:  

Technology Component Option Cost per ton 
throughput 

Organics Press C, D ($3.00) 

Mixed Waste MRF B, D, E, G ($45.00) 



Mixed Was te  Proce ss in g:  Te c hnol ogy Ass ess ment  a nd  C ompa ra tive  Overvie w  61

Hydrolysis+MRF+AD+RNG H ($115.00) 

Anaerobic Digester + RNG C, D, E, G ($60.00) 

Biochar G ($100.00) 

Site Transfer (if transferring to new site within the process flow) D ($15) 

Disposal Transfer All ($15) 

Disposal Tip Fee All ($40) 

 

Researchers were unable to adequately separate the different technology component costs in option H, so they are presented 
as a package. For all others the cost is broken down by individual technological component and added together in the analysis.  

 

Comparative Analysis Model Results 

Table 15 presents the modeled estimates of operating cost for the remaining technology options that were not deemed high 
risk in the past performance criteria within the context of the MSW composition in 2022 and 2035, respectively.  Annual 
operating cost is based on 460,000 tons per year throughput.  Operating cost per ton of material diverted is also calculated. 

Option B C D E G H 

Technology 
Stack 

Mixed Waste 
MRF 

AD Mixed Waste 
MRF + 

Separate AD 

Mixed Waste 
MRF + co-

located AD + 
RNG 

Mixed Waste 
MRF + co-

located AD + 
RNG + Biochar 

for solid 
digestate 

Paper hydrolysis 
& drying + Mixed 
Waste MRF + co-

located AD + RNG 

Annual 
Operating Cost 
- Baseline 

 $ 40,124,240   $28,437,428   $49,792,518   $42,404,420   $ 42,804,841   $ 62,277,073  

Tons Diverted- 
Baseline 

26,832 109,745 136,577 136,577 145,475 156,431 

Annualized 
Operating Cost 
(per ton 
diverted) - 
Baseline  

 $1,495.39   $259.12   $ 364.57   $ 310.48   $ 294.24   $ 398.11  

Annual 
Operating Cost 
- Future 

$39,821,550  $26,860,009  $48,705,485  $41,472,443  $41,655,857  $65,148,584  

Tons Diverted- 
Future 

32,335 50,269 82,605 82,605 86,680 102,247 

Annualized 
Operating Cost 
(per ton 
diverted) - 
Future 

 $1,231.51   $534.32   $ 589.62   $ 502.06   $ 480.57   $ 637.17  

Table 15. Operating Cost Comparative Analysis 

Like the capital cost analysis, the operational costs for options B and C are lower because they only include one recovery 
process.  While the operating cost is slightly lower in both instances, the diversion is also lower. Option D is like E and G, 
however, has added operating costs associated with the operating of the organic press and transfer of organic material to an 
external AD facility. Option H has a much higher operating cost to operate the added steps of hydrolyzing, autoclaving, filtering, 
and drying of the paper pulp. 
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CLIMATE IMPACT COMPARATIVE ANALYSIS 
Climate impact is presented in metric tons of CO2 equivalent (MTCO2E). It is based on the factors established in the EPA Warm 
Model v16 multiplied by the tons of material moving through each process compared to the baseline of the same material 
being disposed in a landfill. The analysis looked both at the gross MTCO2E avoided and the net cost per avoided MTCO2E.  

The following factors were used: 

Material and diversion pathway 

Emission 
Factors 
MTCO2E/t  

OCC Landfill to Recycle -3.3116 

OCC Landfill to compost / AD -0.2908 

Mixed Paper Landfill to Recycle -3.6147 

Mixed / compostable Paper Landfill to Compost / AD -0.1839 

Rigid Plastic landfill to recycle -0.9453 

Plastic Film landfill to recycle -0.9461 

Mixed metal landfill to recycle -4.4117 

Food waste landfill to AD w RNG and Biochar of digestate -0.6715 

Food waste landfill to AD w RNG and composting of digestate -0.5951 
Food waste landfill to compost  -0.6074 

MSW from landfill to combustion -0.3001 
Table 16. Climate Change Emission Factors based upon WARM v16 defaults parameters. 

The WARM model is not well suited to represent waste management impacts for a specific facility.  However, this ubiquitous 
model is often used to provide waste management GHG impacts that are simple, transparent and traceable.  We have chosen to 
use this approach to provide conceptual level impacts for each of the scenarios. 

Table 16 shows the emission factors that were applied to the relevant material tonnages for each of the modeled scenarios. 
They represent the difference, or net impact of diverting a material from one treatment pathway to another.  They are based 
upon WARM v16 using the default parameters. For example, they represent the standard collection, and average processing 
pathways, not the specific MWP impacts. Since WARM does not currently provide an AD to RNG or biochar of digestate 
pathway, these pathways were modeled by adapting the WARM model. Instead of applying a credit for avoided electricity 
exported to the grid, a credit was applied for the avoidance of natural gas based on the quantity of RNG produced assuming a 
1:1 substitution.  Similarly, the composting of digestate was replaced by the net impact of biochar production including the 
impacts of energy inputs and process emissions minus a credit for long term carbon stored in the biochar.  No additional credit 
was applied for avoided products that the biochar substitutes (e.g. cement, fertilizer, etc.) and net impacts on improving soil 
carbon storage. This results in a conservative estimate for biochar. 

Based on the WARM modeling, materials that are recycled instead of landfilled provide a climate benefit due to the ability of 
recycled material to substitute virgin materials when average collection and processing impacts are lower than the avoided 
associated impacts with extraction and processing virgin material. Similarly, diversion of food waste from landfill results in a 
net benefit due to avoidance of uncaptured methane, which is a powerful GHG, resulting from food waste decay in a landfill. 
The national average settings were used for modeling landfill methane capture system implementation and utilization 
pathway for the landfill gas (LFG) captured. This is believed to be a conservative estimation of landfill emissions and 
representative of the Cedar Hill Landfill as well as potential Waste Export by Rail (WEBR) options.  All facilities reported 
typical LFG collection efficiency and dry conditions with a mix of RNG and CHP LFG utilization.  Varying degrees of utilization 
of the LFG were reported ranging from non-operative (e.g. Cedar Hills) to 100% utilization of captured gas (e.g. Finley Buttes).  
While the national average WARM settings do not accurately represent any one landfill, they do provide a reasonable 
estimation.  Furthermore, since they are used as a common reference for diversion from landfills it provides a common 
reference to measure each of the scenarios relative to each other.  

Comparative Analysis Model Results 

Table 17 presents the modeled estimates of climate impacts for the remaining technology options that were not deemed high 
risk in the past performance criteria within the context of the MSW composition in 2022 and 2035, respectively.  Net GHG 
benefit of diversion vs. landfill is reported for each scenario in metric tons carbon dioxide equivalents (MTCO2e).  The net cost 
per MTCO2e is calculated by dividing the net annual costs (discussed further in the next section) by the net annual GHG 
benefit for each scenario. 
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Option B C D E G H 

Technology 
Stack 

Mixed Waste 
MRF 

AD Mixed Waste 
MRF + Separate 

AD 

Mixed Waste 
MRF + co-located 

AD + RNG 

Mixed Waste 
MRF + co-located 

AD + RNG + 
Biochar for solid 

digestate 

Paper hydrolysis 
& drying + Mixed 
Waste MRF + co-
located AD + RNG 

 GHG Benefit 
(Annual 
MTCO2E 
avoided) - 
Baseline 

57,498.78 47,769.69 105,268.46 105,268.46 111,243.29 209,896.63 

Net Cost (Per 
MTCO2E 
Avoidance) 6 - 
Baseline 

$746.12 $626.68 $513.62 $400.60 $384.86 $385.11 

GHG Benefit 
(Annual 
MTCO2E 
avoided) - 
Future 

67,852.57 17,242.53 85,095.10 85,095.10 87,831.89 191,654.87 

Net GHG Cost 
(Per MTCO2E 
Avoidance) - 
Future 

$619.91 $1,906.87 $669.44 $531.44 $522.04 $455.98 

Table 17. Climate Impact Comparative Analysis  

Climate impact in terms of MTCO2E avoided is a direct function of the amount of material diverted. The difference in climate 
impact between the baseline and future scenario is due to a greater amount of material available for diversion in the baseline.  

 

TOTAL NET COST COMPARATIVE ANALYSIS 
Net cost considers revenue generated from sales of recovered materials. As noted, the model uses present values (2025 
dollars) for comparative analysis to allow for easier comparison between the baseline and future scenarios.  

This includes three possibilities: 

 Recyclables. RRS used a five-year average commodity value for recyclable materials based on a common index value 
reported by recyclingmarkets.net, captured in September 2024. Paper pulp was priced at 50% of the average price for 
recovered pulp. This discount was made by RRS considering it would be very low value paper pulp that does not have an 
existing index.  

Recycling Commodity 5-year Avg. (per 
ton) 

Corrugated Containers (OCC Grade #11) $67.46  

Mixed Paper (Grade #54) $26.81  

Steel Cans $174.49  

PET  $180.67  

Natural HDPE  $956.44  

Colored HDPE  $234.83  

Polypropylene  $173.22  

 

6 Based on total net annual cost and net annual GHG savings 
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Grade C Film $0.00  

Aluminum Cans (UBC) $1,248.98  

Other Aluminum $0.00  

Glass 3 Mix (Shown as a cost) ($26.63)7 

Paper Pulp $400 

Table 18. Recycling Revenue Factors (Per Ton) 

 Renewable Natural Gas (RNG). This factor is relevant for all options that incorporate AD within this study. RNG can be 
monetized through the renewable energy credit markets. Because of market values for renewable fuels at the federal and 
state level, RNG has a greater value than conventional natural gas. If a party can demonstrate that RNG is used as 
transportation fuel and meets appropriate requirements at the federal or state level, a Renewable Identification Number 
(RIN) credit is generated and can be sold. The number and value of RIN credits is based on the type of feedstock used and 
energy generated per ton of organic materials in terms of gallons of diesel fuel equivalents. This is defined by the EPA. 
Generating RNG through AD, using MSW feedstock creates a D3 RNG credit valued currently at $2.58. According to the EPA 
There are 11.727 RINS attributed per MMBTU. RRS estimates 3.3 MMBTU generated per ton of inbound organic material. 
There may be additional revenue through Low Carbon Fuel Standard (LCFS) credits if the buyer is from California. This 
was not included in the model.  

 Biochar. Global revenue from biochar producers, distributors, value-added producers, and equipment manufacturers 
exceeded $600M in 2023 with a compound annual growth rate (CAGR) of 97% between 2021 and 2023.  Revenues are 
projected to grow further to $3.3 Billion by 2025. This is driven by renewable energy mandates and efforts to combat GHG 
emissions (Zhou et al. 2023). The production of a highly stable form of carbon in biochar constitutes permanent 
sequestration, also referred to as drawdown or removal. This can make biochar eligible for high quality carbon credits or 
more valuable carbon removal credits (CORCs) which are highly sought after by companies like Microsoft.  These credits 
trade at $120-$200/ MTCO2 removed, where the carbon sequestered net of production and business as usual impacts 
must be calculated. The versatility of biochar lends itself to a variety of end markets including low embodied carbon 
construction aggregate and filtration material. Sales of biochar range from $67 to $500 per ton, with bulk sales providing 
lower prices. Beyond direct sales, biochar can also be used in internal projects as a soil amendment or to enhance 
microbial processes including anaerobic digestion. Recent studies have shown encouraging results for pyrolysis followed 
by thermal oxidation as a method to remove PFAs which can enable broader use of biochar produced from digestate of 
MSW organics or co-digested sewage.  For this study a conservative revenue of $120/ton of biochar was used. 

 

  

 

7 Some commodities have zero or negative values but are still considered recycled because they are diverted from landfill and reprocessed into new 
materials, fulfilling the environmental goals of recycling regardless of market value. 
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Comparative Analysis Model Results 

Table 19 presents the modeled estimates of net cost for the remaining technology options that were not deemed high risk in 
the past performance criteria within the context of the MSW composition in 2022 and 2035, respectively.  

 

 Table 19. Net Cost Comparative Analysis 

 

 

Option B C D E G H 

Technology 
Stack 

Mixed Waste 
MRF 

AD Mixed Waste 
MRF + Separate 

AD 

Mixed Waste 
MRF + co-located 

AD + RNG 

Mixed Waste 
MRF + co-located 

AD + RNG + 
Biochar for solid 

digestate 

Paper hydrolysis 
& drying + Mixed 
Waste MRF + co-

located AD + 
RNG 

Annual Capital 
and Operating 
Costs - Baseline 

 $46,735,272   $43,270,015   $ 71,236,137   $ 59,338,579   $60,355,419   $ 104,791,157  

Annual 
Revenues - 
Baseline 

 $ 3,834,307   $ 13,333,779   $ 17,168,087   $ 17,541,813   $ 17,168,087   $ 23,957,426  

Annual Net Cost - 
Baseline 

 $ 42,900,965   $ 29,936,236   $ 54,068,050   $ 41,796,767   $ 43,187,333   $ 80,833,731  

Net Cost per 
Inbound Ton - 
Baseline 

        $103.13 $71.96 $129.97 $101.37 $102.92 $194.31 

Net Cost Per 
Diverted Ton - 
Baseline 

$1,598.87 $272.78 $395.88 $308.77 $294.30 $516.74 

Annual Capital 
and Oper Costs - 
Future 

$46,432,582  $38,986,815  $67,443,323  $55,700,820  $56,500,653  $104,956,886  

Annual 
Revenues - 
Future 

$4,370,099  $6,107,584  $10,477,682  $10,477,682  $10,648,869  $17,565,739  

Annual Net Cost - 
Future 

$42,062,483  $32,879,231  $56,965,641  $45,223,138  $45,851,784  $87,391,147  

Net Cost per 
Inbound Ton - 
Future 

$101.11 $79.04 $136.94 $108.71 $110.22 $210.07 

Net Cost Per 
Diverted Ton - 
Future 

$1,300.82 $654.07 $689.62 $547.47 $528.98 $854.70 
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The difference in net cost between the baseline and future scenario is primarily due to the relationship between capital cost 
associated with each project and the amount of valuable material flowing through that can generate revenue. All costs and 
revenues are considered based on present values and do not include cost of inflation.  
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SUMMARY AND RECOMMENDATION 
Through the “Zero Waste of Resources Goal”, King County seeks to capture 67 percent of material being disposed of as MSW 
from the baseline of the 2022 Waste Composition. Mixed waste processing is seen as a potential last opportunity to capture 
material from MSW that is not diverted through targeted waste diversion programs, such as curbside recycling, construction 
and demolition recovery or composting of source separated organics. The results of this study show that MWP technologies 
can provide marginal increases in diversion but are generally more expensive and can be limited by the available targeted 
material in the inbound composition. The analysis described in this report also shows increasing marginal costs for diverting a 
greater amount of material through an MWP system, because the necessary added technology components are higher in 
capital and operational cost than alternative recovery activities.  

In the baseline scenario (2022) the most cost-effective options can recover between 33 percent and 35 percent of the inbound 
MSW. This means that other activities must account for over 30 percent additional recovery to meet the county’s goals.  

RRS recommends maximizing other source separated diversion strategies before considering investment in an MWP system to 
achieve marginal gains towards the diversion target. There is a negative relationship between the two strategies, as the 
success of source separated diversion results in an inbound MSW stream for an MWP plant that has a lower percentage of 
valuable material that could be recovered and marketed.  

For example, the 2035 Re+ composition forecasts that only 36 percent of material is available for recovery through recycling, 
AD or composting, due to the projected success of other recovery efforts, such as EPR, Bottle Bill, and source separated 
organics diversion. This places a lower cap on the recovery potential for diverting 67 percent of MSW through MWP, while still 
requiring extensive capital investment for most options. In other words, MWP represents diminishing marginal returns on 
increasingly harder to capture materials. 

When considering past performance RRS does not recommend considering options at this time that demonstrate high risk 
associated with past performance. This includes the following options: 

 A: Hybrid MRF / Transfer Station 
 F: Mixed Waste MRF + Paper Dryer + Co-located Compost 
 I: Paper Hydrolysis + Mixed Waste MRF + AD + RNG+ RDF Boiler 

Option I performs well in the analysis if thermal combustion were considered a viable means for landfill diversion. However, 
with recycling, AD and composting as the preferred diversion pathways from a MWP system, it is RRS’s position that this 
should not be considered a viable option at this time. If the county wishes to include thermal combustion as a strategy for 
MWP residual, this option should be reconsidered.  

Table 20 presents a summary of the full comparative analysis, excluding the options presenting high past performance risk.  
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Criteria Scenario Technology Option 

B C D E G H 

Mixed Waste 
MRF 

AD Mixed Waste 
MRF + Separate 

AD 

Mixed Waste 
MRF + Co-

located AD + 
RNG 

Mixed Waste 
MRF + Co-

located AD + 
RNG+ Biochar 

of Solid 
Digestate 

Paper 
hydrolysis & 

drying + Mixed 
Waste MRF + 

Co-Located AD 
+ RNG 

Past 
Performance 

Baseline / 
Future 

Moderate Risk Moderate Risk Low Risk Low-Moderate 
Risk 

Moderate-High 
Risk 

Moderate-High 
Risk 

Total Capex 
Costs 

Baseline $70,500,000  $138,000,000  $208,500,000  $172,500,000  $179,100,000  $393,500,000  

Future  $70,500,000  $115,000,000  $185,500,000  $149,500,000  $156,100,000  $370,500,000  

Total Annual 
Costs 

Baseline $ 40,124,240   $ 28,437,428   $ 49,792,518   $ 42,404,420   $ 42,804,841   $ 62,277,073  

Future  $39,821,550  $26,860,009  $48,705,485  $41,472,443  $41,655,857  $65,148,584  

Total Annual 
Revenues 

Baseline  $    3,834,307   $ 13,333,779   $ 17,168,087   $ 17,541,813   $ 17,168,087   $ 23,957,426  

Future  $4,370,099  $6,107,584  $10,477,682  $10,477,682  $10,648,869  $17,565,739  

Total Tons 
Diverted 

Baseline 26,832 109,745 136,577 136,577 145,475 156,431 

Future  32,335 50,269 82,605 82,605 86,680 102,247 

Diversion (% 
diversion)8 

Baseline 6% 26% 33% 33% 35% 38% 

Future  8% 12% 20% 20% 21% 25% 

Climate Impact 
(total annual 
MTCO2E 
benefit) 

Baseline 57,498.78 47,769.69 105,268.46 105,268.46 111,243.29 209,896.63 

Future  67,852.57 17,242.53 85,095.10 85,095.10 87,831.89 191,654.87 

Net Cost per 
Diverted Ton 

Baseline $1,598.87 $272.78 $395.88 $308.77 $294.30 $516.74 

Future  $1,300.82 $654.07 $689.62 $547.4) $528.98 $854.70 

Table 20. Summary Comparative Analysis of Options  

  

 

8 Diversion of MSW through recycling, AD and/or Compost  
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Considering the remaining options, E and G present the most promise according to this analysis. These options each include a 
mixed waste MRF and co-located AD. Option G adds biochar processing to manage the solid digestate. This addition is the 
reason for higher diversion, greater climate impact and lower net costs per MTCO2E avoided and ton diverted. However, the 
technology utilized for MSW-derived digestate is not proven at a commercial scale and end markets are undeveloped. Option H 
provides the highest possible diversion and related climate impacts, however, the marginal gains come at a very high net cost.  

In conclusion, the comparative assessment frames the extent to which MWP fulfils the potential to recover landfill-bound 
materials from MSW with an expected diversion contribution of between 30-35 percent in the baseline and 20-23 percent in 
the future scenario for the materials flowing through a MWP facility. Challenges such as high capital and operational costs to 
achieve diversion gains present significant barriers. The findings indicate that MWP could be considered as one part of a 
broader strategy to advance King County’s sustainability goals, representing an expensive option for marginal gains alongside 
aggressive diversion efforts to divert 30 percent or more materials before they enter the MSW disposal stream. 

The research team recommends the following next steps: 

Near-term (within the next five years): 

 Continue to monitor how MWP facilities are performing and progressing. This includes monitoring the state of 
materials marketing, beneficial use of diverted organics, biochar, and how MWP is adapting to changing waste 
streams. 

 Research options for MWP facility ownership and operation models, including public, private, and shared models. 

 Pursue a pilot project with MWP vendors to site and operate a demonstration-scale facility in the King County area. 

Medium-term (beyond five years): 

 Consider lessons learned from pilot projects and other research and decide whether to pursue MWP on a permanent 
basis, and if so, map out the approach. 

 To advance an MWP project, decide on a public or private ownership/operation model, or a public-private 
partnership. 

 For a publicly owned project, start a Capital Improvement Plan (CIP) process. 

 For a privately owned project, start an RFP process to select a vendor, then negotiate a contract with the provider. 
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