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Symbols and Abbreviations 

Btu  British thermal unit (1 Btu = 1.055 kilojoules) 
oC  Degrees Celsius (°F = 9/5°C + 32) 
CH4 Methane 
CO2 Carbon dioxide 
cf  Cubic foot or feet  
cfd  Cubic foot or feet per day 
cfh  Cubic foot or feet per hour 
cfm  Cubic foot or feet per minute 
DGE  Gallons of diesel-equivalent 
°F Degrees Fahrenheit [°C = 5/9 (°F - 32)] 
ft  Foot or feet (1 ft = 0.3048 meter) 
gal  Gallon (1 gal = 3.785 liters) 
GGE  Gallons of gasoline-equivalent 
gpd  Gallons per day 
H2O  Water 
hr  Hour 
H2S Hydrogen sulfide 
kW  Kilowatt 
kWh  Kilowatt-hour 
L  Liter (1 L = 0.2642 gallon) 
lb  Pound (1 lb = 0.4536 kilogram) 
mg  Milligram (1 mg = 0.0154 grain) 
MMBTU  Million Btu (as in a thousand thousand Btu) 
MW  Megawatt 
MWh  Megawatt-hour 
Nm3  Normal (dry standard) cubic meter (1 Nm3 = 35.31 normal cubic feet) 
O2  Oxygen 
ppb  Parts per billion 
ppm  Parts per million 
psi  Pounds per square inch (1 psi = 0.06804 atmosphere) 
tpd  Tons per day (1 tpd = 0.9072 megagram per day)  
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Executive Summary 
During Phase 1 of the Clean Energy Development Project for Thurston County, an Anaerobic Digestion 
Technical Advisory Group (AD TAG), made up of representatives of Thurston County solid waste and 
water resources departments, the Evergreen State College, LOTT Clean Water Alliance, and Puget Sound 
Energy, engaged with the WSU Energy Program to investigate potential opportunities for anaerobic 
digester (AD) development in the county.  

Starting with a detailed analysis of the available organics residual resources suitable for anaerobic 
digestion, the project team found that Thurston County has significant volumes of dairy and chicken 
manure; pre-consumer and post-consumer food residuals from residential, commercial, and industrial 
sources; and other organics, such as restaurant grease trap waste. Considering the geographical 
distribution of these digestible organic materials, especially the location of larger dairy farms, the 
project team, in consultation with the AD-TAG, identified an area near Grand Mound that offered a 
promising combination of agricultural, commercial, and institutional materials and interests that could 
form the basis of one or more successful AD projects.  

The Phase 1 study evaluated two models for AD development ς a single dairy farm-based digester and a 
larger, multi-farm, community-scale digester. Potential key partners in a farm-based or community 
digester project include:  

¶ One or more area dairies  

¶ One or more poultry farms 

¶ The Chehalis Tribe, which has interests in  the Great Wolf Lodge, Lucky Eagle Casino, and other 
area properties  

¶ Dept. of Corrections, which has the Maple Lane and Cedar Creek correction facilities   

¶ Thurston County, which operates the Grand Mound wastewater treatment facility 

¶ Agricultural producer members of the  Bountiful Byway agritourism zone in south county 

Each of these potential partners might find it beneficial to participate because they could provide AD 
feedstocks or use outputs from a digester project, and gain important economic, environmental, and 
social benefits for their operations. The study found that each of the modeled opportunities is made 
stronger and more viable by combining individual interests into partnerships that share the costs, 
benefits and risks. 

Major community-wide benefits of a successful AD project in this area include: 

¶ Dairy nutrient management with reduced odors and pathogens 

¶ Production of clean renewable energy from biogas 

¶ Significant reduction of local greenhouse gas emissions 

¶ Potential for greater community resilience, with baseline renewable energy 

With creativity and community input, an AD project could contribute many agritourism benefits 
throughout the Bountiful Byway region of south Thurston County, such as: 

¶ Production of clean biofertilizers for local farms 

¶ Generation of new value-added soil products from digested materials 

¶ Production of renewable energy/heat and carbon dioxide (CO2) for greenhouses or food 
processing 

¶ Important improvements and support for dairy production and processing  
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Water quality protection is another value-added environmental and community benefit that closely 
aligns with the missions of clean water agencies and environmentally friendly nonprofits and investors. 
Examples of these benefits include: 

¶ Containment of raw manure in the digester tanks 

¶ Significant pathogen reductions in dairy manure kept in open storage after digestion  

¶ Reduced odor and pathogens in dairy manure nutrients spread on local croplands 

¶ These dairy manure improvements protect the Chehalis River and adjacent floodplain  

Purpose and Intent 
Lƴ нлмнΣ ǘƘŜ ¢ƘǳǊǎǘƻƴ /ƻǳƴǘȅ /ƻƳƳƛǎǎƛƻƴŜǊǎ ŎǊŜŀǘŜŘ ǘƘŜ ά!ƎǊƛǘƻǳǊƛǎƳ hǾŜǊƭŀȅ 5ƛǎǘǊƛŎǘέ ǘƻ ŘŜǾŜƭƻǇ 
agricultural resources in the south county. They later aŘŘŜŘ ǘƘŜ ά.ƻǳƴǘƛŦǳƭ .ȅǿŀȅέ ǘƻ ŘǊŀǿ visitor traffic 
from Interstate 5 into all parts of rural Thurston County. This area in south Thurston County, around 
Grand Mound and Rochester (I-5 at Exit 88, as shown in Figure 1ύΣ ǎǳǇǇƻǊǘǎ Ƴƻǎǘ ƻŦ ǘƘŜ ŎƻǳƴǘȅΩǎ ŘŀƛǊȅ 
farms. Additional agricultural businesses, including creameries, wineries, nurseries, and organic 
vegetable production, are also growing in number and size in this area. 

 
Figure 1. Map of the Thurston County Bountiful Byway (Thurston County, 2014) 

The potential for conflict arises when, in the course of regular operations, dairy producers use nice, dry, 
sunny days to spread stored manure as fertilizer for feed crops. Some believe the best opportunity to 
address the odor conflict that results is through anaerobic digestion, which reduces odors and produces 
renewable biogas and other marketable products. Farmers can still get the nutrients for crops and make 
ŎƻƳǇƻǎǘ ƻǊ ƻǘƘŜǊ άōƻǳƴǘƛŦǳƭέ ŎƻƴǎǳƳŜǊ ǇǊƻŘǳŎǘǎ ŦƻǊ ǾƛǎƛǘƻǊǎ ƻƴ ǘƘŜ ōȅǿay without also creating an 
atmosphere that is unpleasant for visitors.  

Anaerobic digestion provides many valuable community benefits, starting with reductions of odors and 
pathogens commonly attributed to dairy manure management. In addition, community-scale digester 
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projects support food waste recycling for nearby food processors, institutions, and resorts; reduce area 
greenhouse gas emissions; and produce renewable energy for project partners and biofertilizers for area 
farms.  

During Phase 1 of this project, the Thurston County Commissioners' office convened a county-wide 
stakeholder group to study the feasibility of developing one or more anaerobic digesters to treat 
agricultural manures, solid waste materials, and other organics residuals in Thurston County. Broadly 
inclusive of local and tribal governments, state agencies, and private enterprise, this stakeholder group 
encouraged further study. This led to formation of the Anaerobic Digestion Technical Advisory Group 
(AD-TAG) with a group of county departments, the Evergreen State College, LOTT Clean Water Alliance, 
and Puget Sound Energy acting as sponsors. They  invited the Washington State University (WSU) Energy 
Program to research and analyze the potential of anaerobic digesters to cost effectively address a range 
of local issues and produce economic and environmental benefits . 

Completing this type of techno-economic feasibility analysis requires that potential project developers 
and interested stakeholders look at the big picture of a possible project, while also looking at individual 
puzzle piecesτhow they fit together and the synergy that emerges when a project is fully implemented. 
Feasibility studies consider and narrow the broad range of different alternatives to a problem. They 
formalize decision-making processes, while addressing and mitigating possible risks. They identify any 
potential fatal flaws that could stop a project early on. Finally, they help to document the different 
analyses needed to secure project partners and potential capital investments or grant support. 

Project Approach 
Working in cooperation with the AD-TAG, the project team proceeded with three major activities:  

¶ Task 1: Complete an inventory of organic materials that could be used as feedstock for a 
digester project. The inventory of organics residuals and resources considered manures (dairy 
and chicken) and food residuals from food processors, fish and seafood producers and 
breweries. The inventory estimated scraps from food service facilities, schools, and other 
campus-type facilities. It also considered fats, oils, and greases and other materials of interest to 
the LOTT Clean Water Alliance. Septage, however, was not studied during Phase 1. 

¶ Task 2: Create and analyze the two basic modelsτsingle, farm-based and community-scale 
digestersτfor potential projects in south Thurston County. This involved research into existing 
successful digester projects, combinations of feedstock materials, and potential locations. To 
assess potential opportunities, the project team explored and analyzed opportunities for 
significant power/fuel offsets, use of digested nutrients, environmental benefits, co-products 
development and use, workforce development, and other project co-benefits.  

¶ Task 3: Engage with community members in south Thurston County, and meet with potential 
collaborators to identify possible mutual interests and any concerns. The team explored 
potential opportunities for partnerships. Prepare recommendations and a plan for the next 
phase of clean energy development in Thurston County was included as a project deliverable. 

The project team met twice with the AD-TAG to provide key information and share conclusions. After 
concluding the study, the AD-TAG and project team shared the results of the study at a public meeting in 
May 2016.  
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Task 1: Feedstock Inventory: Materials and Sources 
The feedstock evaluation conducted for this study inventoried various organics residuals available in 
Thurston County as potential feedstock for an AD project. The feedstock inventory evaluated different 
residual materials considering these criteria:  

¶ Types 

¶ Sources 

¶ Quantity/volume 

¶ Characteristics 

Evaluating the variety of available feedstocks is important because co-digesting a mix of materials can 
increase the yield of biogas and contribute significant revenues (tipping fees) from taking in and 
processing waste residuals. Figure 2 shows the potential biogas yield from various types of organics 
residuals, some of which are available in Thurston County or surrounding areas.  

 
Figure 2. Biogas yield from a variety of organic feedstock materials (TetraTech, 2011) 

Thurston County Dairies 
The project team began by looking at available data about dairy farms in Thurston County. The concerns 
expressed about potential odors associated with using dairy manure nutrients as fertilizer on crop fields 
started the process of looking at AD as a possible solution. The team found 12 active dairy farms in the 
county. All are in south Thurston County, with most near Grand Mound and Rochester, west of 
Interstate 5. Of these, four dairies are considered large by industry standards, with more than 700 cows. 
The largest dairy, James Road Dairy, just south of Grand Mound, milks close to 1,500 cows. The total 
number of cows at all county dairies is close to 4,500. Though the project team could find no formal 
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studies of the current cost of managing manure for the dairy producer, it has been informally estimated 
by a dairy industry professional to be as much as $0.50 per gallon. 

Milk is the second largest agricultural commodity in Washington, contributing more than $1.6 billion in 
farm gate revenue ǘƻ ǘƘŜ ǎǘŀǘŜΩǎ dairy producers. Additional, indirect economic effects bring the overall 
impact to more than $3 billion. With 12 active dairies, Thurston County cows produce more than 12 
million gallons of milk annually, with a combined value in 2014 of $20 million. Dairies support as many 
as 10 to 20 employees at each facility. 

Reviewing various sources of data about manure production and characteristics, including the 
Washington Biomass Inventory, the project team estimates that at 14 gallons per day, Thurston 
CountyΩǎ 4,500 cows generate an estimated 92,000 tons of liquid manure and urine per year. At 8-12% 
solids, this is equal to 8,300-11,500 dry tons per year. The estimated methane yield from digesting all 
this manure would be 135,000 to 230,000 cubic feet per day (cfd). 

The AD-TAG agreed that James Road Dairy (given its size and location near Grand Mound) could be a 
central location for hosting an AD project in this area. Other dairies along Scatter Creek and Moon Road 
could possibly host a digester or be connected via underground manure pipelines to a central digester 
project. The other two larger dairies in this area ς Beaver Creek Dairy and Plowman Dairy ς could also be 
host sites for digesters or could contribute to a larger community digester via short-truck hauls.  

Through interviews with local dairy producers and other dairy industry stakeholders, additional 
observations were made about the local dairy community. These include: 

¶ The original odor issue has subsided some with better management, but hauling raw manure 
along county roads and highways is still common in the area. 

¶ Environmental pressures on manure management and storage and on spreading manure as 
fertilizer continue to grow. 

¶ Nitrogen and phosphorus are conserved in anaerobic digesters, and pass through in more plant-
available forms, requiring effective management of these nutrients after digestion. 

¶ There is little contamination of manure by plastic or chemicals, though in some parts of the U.S., 
concern has been expressed about antibiotics in manures. 

¶ Two Thurston dairies are co-located with creameries, producing yogurt and cheeses. 

¶ The Darigold plant in Centralia is the major milk processor in the area. 

¶ Low energy prices mean that end products from AD liquids and solids or environmental credits 
from AD become more important as revenue sources. 

Poultry Farms 
Three major poultry facilities are located in the south Puget Sound area. These include the Briarwood 
and Steibrs farms in south Thurston County, and Wilcox Farms in Pierce County. Potential digester 
feedstocks from these facilities are dry manure, wet manure, liquid egg waste, and mortalities. Talking 
with managers at these facilities, the project team made the following observations: 

¶ Dry manure is likely too valuable as an existing organic fertilizer for crops to be available for a 
digester project.  

¶ Wet manure collected separately in new cage-free facilities might be available and would 
significantly increase both biogas production and the creation of nutrients that require export 
from the host site. It is estimated that there is a minimum of 2,912 wet tons per year available 
from these local facilities.  
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¶ Liquid egg waste from cracked, spoiled, broken, or otherwise wasted eggs (with or without 
shells) could supply valuable feedstock. There is a minimum of 676 wet tons per year available. 

¶ Mortalities require careful management. It was reported to project staff that poultry mortalities 
are currently rendered or cremated at significant expense. Some of this material may currently 
be transported out of Thurston County. It is estimated that a minimum of 1,700 tons per year of 
mortalities are disposed in this way. 

¶ Recent cases of avian flu in various parts of the country have resulted in new and expanded 
efforts at biosecurity around layer facilities. This disease threat could require changes to any of 
these existing manure or mortality procedures in the future. 

¶ Because of biosecurity concerns, these facilities would not make good locations for hosting a 
digester project. 

Management costs were not shared with the project team. However, with the exception of dry chicken 
manure as fertilizer, each of these waste products likely has significant costs to manage and some 
recognizable value. Other observations about the local poultry industry include: 

¶ Chicken manure has all 13 nutrients used by plants, and little known contamination 

¶ Dry manure is valuable, and is currently sold as organic fertilizer 

¶ Wet manure has good biogas potential, as does egg breakage waste 

¶ Mortalities are a disposal problem, but very challenging for an AD project 

¶ High nitrogen levels in poultry manure can be inhibitory to AD, so small amounts need to be 
combined with other feedstock materials 

¶ Nitrogen and other nutrients pass through a digester, requiring active management  

Organics from Municipal Solid Waste  
Food residuals still make up a significant portion of the municipal solid waste (MSW) collection and 
processing system in Thurston County. The data provided in this section was gathered by Thurston 
County Solid Waste. If collected separately, food wastes with high liquid content can be processed into a 
manure-like slurry. However, most of these materials are currently collected in combination with yard 
debris and other pre- and post-consumer organics. This potential source of AD feedstock has a high 
potential for physical contamination and salts content. 

Recovered organics from MSW currently cost $54 to 
$85 per ton to recycle into compost products. 
Potential sources of recovered organics as currently 
collected are shown in Figure 3: 

¶ Residential = 18,495 tons/yr 
ς Waste Connections Residential = 13,435 

tons/yr 
ς Olympia Residential = 5,060 tons/yr 

¶ Commercial = 1,589 tons/yr 
ς Waste Connections Commercial = 965 

tons/yr 
ς Olympia Commercial = 624 tons/yr 

¶ WARC Self-Haul = 5,763 tons/yr 

¶ Pick-Line Wood = 1,617 tons/yr  
Figure 3: Sources of recovered organics from MSW 
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The distribution of organic materials currently recovered 
by the recycling system now is illustrated in Figure 4. It 
includes 17,051 tons/yr of separated organics (mostly yard 
and garden debris) that go to the Silver Springs 
composting facility. Material that contains more food 
waste or compostable paper is accepted and delivered to 
Royal Organics Composting (eastern Washington) or Lenz 
Composting (Stanwood, WA). They currently receive 1,790 
tons/yr. The highly woody organics fraction is processed as 
mulch (1,999 tons/yr) or hog fuel (i.e., wood chips for 
boilers) (6,624 tons/yr). 

Costs for recycling these various organics residuals are as 
follows: 

¶ Silver Spring Organics + mulch/hog fuel: ~$52-
54/ton = $1.4 million/yr 

¶ Organics to Lenz/Royal Organics: $85.00/ton  = 
$152,150/yr 

It is worth noting that, while the food-rich materials that go further distances for processing are higher 
in unit cost to process, they represent a smaller portion of the overall MSW cost. Processing any of these 
mixed materials in an AD project would be subject to a 
solid waste handling permit, and facility designs to 
mitigate odors or other impacts of handling such mixed 
materials (e.g., an enclosed receiving structure with odor 
controls). 

Organics residuals that are not separated and collected 
for recycling but that go to the landfill could also be 
considered as a source of AD feedstock. These landfill 
organics total 52,660 tons/yr. Individual types of 
landfilled organics, illustrated in Figure 5, include:  

¶ Yard waste, wood, and compostable paper = 
25,830 tons/yr 

¶ Food waste = 26,830 tons/yr, which is half of 
landfilled organics and approximately 16% of all 
disposed waste 
ς Residential = 15,673 tons/yr 
ς Commercial = 11,157 tons/yr 

Commercial organics still being landfilled are particularly attractive to potential AD projects. Estimates 
from previous waste sorting studies indicate the commercial organics sector will contain large volumes 
of collectible easier-to-separate, pre-consumer food scraps from a fewer number of commercial 
locations. Pre-consumer vegetative produce wastes collected separately from grocery stores or big box 
stores like Costco, Fred Meyer, and Walmart 
are examples. Non-organic contamination from 
these sources could be easier to control, 
leading to more successful co-digestion. 

Figure 5. Organics residuals still landfilled 

Learn more about ¢ƘǳǊǎǘƻƴ /ƻǳƴǘȅΩǎ ǎƻƭƛŘ ǿŀǎǘŜ 
and recycling programs and data at their website: 

www.co.thurston.wa.us/solidwaste 

Figure 4. Distribution of organics for recycling 

file:///C:/Users/MELSPE/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/PJRMHG0J/www.co.thurston.wa.us/solidwaste
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Conversely, residential organics come in small volumes that are not easy to collect separately. To 
capture biogas from the organics waste stream as it is currently collected would require evaluating AD 
systems designed specific for these combinations of food scraps, grass clippings, garden debris, wood 
material, etc. They have much higher solids content and require more processing and handling, 
increasing sorting and handling costs. Although there are high-solids AD systems in use and 
development in cities around the U.S., the AD-TAG did not feel a high-solids system should be part of 
the evaluation at this time.  

The project team did a tour and considered the opportunity to incorporate an AD facility at the Thurston 
Waste and Recovery Center (WARC). It does appear that the WARC has areas of solid ground that could 
accommodate an AD facility. However, the opportunity to blend digester gas with remaining landfill gas 
is dwindling as the production of landfill gas is falling quickly. Anaerobic digester development is not in 
ŀƴȅƻƴŜΩǎ ŎǳǊǊŜƴǘ ǿƻǊƪ Ǉƭŀƴ. The preference for Thurston County solid waste officials currently leans 
toward greater diversion of organics residuals away from the WARC. For example, the organics recovery 
systems promoted by WISErg, a Washington-based company, are getting some interest from these and 
other solid waste managers who hope that the WISErg systems can keep more organics out of MSW 
streams. If a Thurston County community digester could also steer more organics residuals away from 
the WARC, this would be viewed as a positive development. 

Industrial Food Processing Sources 
This category of organics residuals focuses on the food processing sector. Food processing is a significant 
part of the Thurston County economy. According to the Washington Department of Agriculture, 
Thurston is among the top food processing counties in the state. Washington departments of Revenue 
and Employment Security data from 2012 puts the value of the food processing industry in Thurston 
County at $387 million and includes an estimated 567 jobs. This places Thurston County among the top 
counties statewide for revenue.  

Interest by AD developers in this sector is strong because of the potential to receive single-source, easy- 
to-collect, pre-consumer vegetative materials that are relatively free of contaminants. They are also 
interested in liquid waste streams (e.g., dairy products, whey, brewery by-products, and off-date 
beverages, to name a few). These would likely be very compatible with most typical AD projects. 

The industrial food processing industry is also a challenging sector for information about organics 
residuals. Solid waste professionals believe that many food processors are able to avoid the 
conventional solid waste handling system and the associated costs. Experience of the industry suggests 
these businesses have options for distributing their organics residuals for livestock feeding or land 
application as crop fertilizers.  

Without a single source of data for food processors and challenged by the potential for overlap with 
commercial MSW routes, the project team developed an estimate of the potential volume of organics 
residuals in the industrial food processing sector. The team borrowed methodologies used by previous 
solid waste studies conducted in Massachusetts, New Jersey, Connecticut, and Portland, OR, among 
others. These earlier studies developed estimates of the food scrap potential of different types of 
businesses using standard industry classification codes. Food scrap estimates were expressed on a per-
establishment or per-ŜƳǇƭƻȅŜŜ ōŀǎƛǎΦ ¦ǎƛƴƎ ŀǾŀƛƭŀōƭŜ Řŀǘŀ ŦǊƻƳ ²ŀǎƘƛƴƎǘƻƴΩǎ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 
Employment Security, the team was able to plot how Thurston County fared next to these previous 
studies. The results of the analysis are shown in Table 1.  
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In the specific food manufacturing sector, Thurston County data showed 21 establishments with 350 
employees. It is estimated that these sources could generate 3,260 to 7,216 tpy of organics residuals. 
These food manufacturing establishments include: 

¶ Fruit and vegetable food processing 

¶ Animal and poultry slaughter 

¶ Brewery waste 

¶ Seafood and fish processing 

There is some evidence of fish farming and seafood processing, but our research so far is inconclusive 
about the availability of these resources in Thurston County. Fish and seafood waste has a high biogas 
yield, and some existing farm digesters get seafood scraps from the region. This may still be a promising 
category as AD development proceeds. 

Institutional Food Scrap Sources 
Government and tribal institutions, hotels and resorts, hospitals, and large school campuses constitute 
another category of food scrap generation. They may have extensive organics separation and collection 
programs, often bolstered by zero waste goals. As performed with the industrial food industry, 
estimates of potential food scrap generation, including pre- and post-consumer scraps, was based on 
analysis of business industrial codes and employment data. In Thurston County, it is estimated that a 
minimum of 982 tpy is generated. The institutional source category may also generate horse manure, 
landscaping debris, and biosolids due to the nature of their individual activities. Potential for generating 
tipping fees could be high, as the competition for recycling or disposal at the WARC is relatively 
expensive. 

One potential challenge of accepting organics from institutional facilities are the solid waste rules that 
exclude co-digestion substrates from any type of municipal solid waste source, that is, residential or 
commercial food scraps.  

Commercial FOG  
The organics category known as FOG (fats, oils, and greases), describes many different materials. FOG is 
considered brown grease, with high potential for physical and chemical contamination. The nutrient 
loading varies significantly, which presents processing challenges. Competition for FOG, which can also 
be used to produce biodiesel or other products, means 
there is competition for revenue and tip fees.  

One of the more promising sources of FOG for AD 
projects may be grease trap waste (GTW), shown in 
Figure 6. Grease trap wastes have among the highest 
biogas yields per ton. Every restaurant or food service 
facility uses grease traps to keep drains and sewer 
pipes clear. They are emptied, depending on size, by 
commercial grease trap waste haulers. In Thurston 
County, restaurant grease traps are emptied by private, 
licensed haulers including Baker Commodities, Darling 
International, FloHawks, RotoRooter, Oregon Oils, AAA 
Champion, Envirotech Septic Solutions, JMS Septic Service, and Affordable Septic. 

  

Figure 6. Grease trap waste collection (Oregon 
Oils, Inc.) 
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Table 1. Analysis of potential food residuals in industrial food sectors in Thurston County 
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The project team understands that GTW may be included for consideration as a co-digestion feedstock 
within the 30% of outside substrates accepted while maintaining solid waste exempt status.  

According to the frequently referenced study of FOG generation by National Renewable Energy 
Laboratory (NREL), Americans produce on average approximately 1.88 lbs of FOG/capita/year. Applying 
this same data for Thurston County residents provides an estimated generation of 230.47 tons/yr 
(Wiltse, 1998). 

One additional item of potential interest is generated by the LOTT Clean Water Alliance. At LOTT, 
organics-rich scum material is collected from various pumping stations around the county, totaling an 
estimated 975 to 3,600 gallons per day (460,940 gal/yr wet, 117,000 gal/yr dewatered). The volume and 
characteristics are highly variable. As an AD feedstock this material would have a high potential for 
physical, chemical, and fecal contamination. This would 
cause significant impacts for permitting and nutrient loading 
potentials. The AD-TAG agreed to leave out further 
consideration of this material. 

Summary 
All the potential AD feedstocks and sources, as determined by the project team, described above and 
listed in Table 2, include:  

¶ Dairy: 12 farms (4 large), approx. 4,500 cows = 92,000 wet tons per year (tons/yr) 

¶ Poultry: 3 area farms, liquid manure, egg breakage, and other residuals = 5,500 tons/yr 

¶ Municipal solid waste (all organics at the WARC): 27,000 tons/yr recovered, 53,000 tons/yr 
landfilledτcurrent food waste collected estimated 1,589 tons/yr; which could be enhance 
through greater collection efforts to about 5,578 tons/yr 

¶ Industrial food processing scraps: estimated 3,000-7,000 tons/yr 

¶ Fish/seafood: inconclusive 

¶ Brewery residuals: estimated 200 tons/yr 

¶ FOG: estimated 230 tons/yr 

¶ LOTT scum: volumes vary; regulatory red flags 

 
Table 2. Potential energy production from AD feedstock sources 

MATERIALS TONS/yr  
METHANE 

(MMBTU/yr) 

POWER 

(kWh/yr) 

RNG - FUEL 

(GasGalEqv/yr)  

Dairy manure 92,000 57,086 4,818,000 444,000 

Poultry manure 2,912 5,232 441,000 41,000 

Other poultry 2,376 19,692 1,662,000 153,000 

Food-current collection 1,589 10,124 854,000 78,000 

Food-enhanced collection 5,578 35,540 2,999,000 277,000 

Food processing materials 3,260 20,771 1,753,000 162,000 

Food scraps from campuses 982 6,257 582,000 49,000 

Brewery residuals 200 545 46,000 4,000 

Fats, oils, and greases 230 3,006 254,000 23,000 

 

Learn more about different types of 
biomass resources through the 
Washington State Biomass Inventory. 

http://www.pacificbiomass.org/WABiomassInventory.aspx
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Task 2: Comparison of Conceptual Digester Models 

Anaerobic Digestion Fundamentals 
Anaerobic digestion is a form of decomposition, similar to composting. While composting is an aerobic 
process, anaerobic digestion occurs in the absence of oxygen. During the process, methane-producing 
bacteria convert decomposing organic materials into biogasτa mixture of methane, CO2, and other 
trace gases.  

NŀǘǳǊŀƭ Ǝŀǎ όάŦƻǎǎƛƭ methaneέύ ƛǎ ŦƻǳƴŘ ƛƴ ǳƴŘŜǊƎǊƻǳƴŘ ǊŜǎŜǊǾŜǎ formed millions of years ago. Biogas 
continues to form naturally in bogs and swamps (hence its ŎƻƳƳƻƴ ƴŀƳŜΣ άǎǿŀƳǇ ƎŀǎέύΦ .ƛƻƎŀǎ ƛǎ also 
a natural by-product of burying organic materials in landfills or of keeping liquid manure in storage 
lagoons. Biogas produced from different sources will have varying concentrations of methane. Biogas is 
most often found to have between 50% to 65% methane, with corresponding energy values of 500 to 
650 BTU per cubic foot.  

Table 3. Aerobic vs. anaerobic decomposition  

COMPOSTING ANAEROBIC DIGESTION 

Aerobic (Oxygen) Anaerobic (No Oxygen) 

Balance carbon and nitrogen 

Balance moisture 

Volume 

Time and temperature 

Balance carbon and nitrogen 

Balance moisture 

Volume 

Time and temperature 

Produces compost Produces solid and liquid soil amendments 

Emits carbon dioxide + trace gases Produces biogas: 

methane (50-70%) +  
carbon dioxide (30-49%) +  
trace gases (1-2%) 

 
In the last century, scientists and engineers found economic value in treating sewage wastewater solids 
through the same anaerobic digestion principles that produce biogas. More recently, engineered 
anaerobic digestion systems have begun to be used to convert a wider range of organic waste resources, 
including livestock manures (notably dairy and swine manures) and food processing wastes, into biogas 
and a range of valuable co-products.  

Controlled anaerobic digestion is widely acknowledged to have a positive impact on reducing odors by 
80% to 90% (Iversen and Davis, 1999). Catherine Keske, Colorado State University, explains that the 
ŘƛƎŜǎǘŜǊ άremoves organics as it converts them to methane, while conserving nutrients (nitrogen and 
phosphorus). The end product is a low odor, high nutrient, stabilized waste suitable for land application 
ŀǎ ŦŜǊǘƛƭƛȊŜǊΦέ {ƘŜ ŀǊƎǳŜǎ that anaerobic digestion could be an effective means to reduce the potential 
for nuisance ƭŀǿǎǳƛǘǎΣ άAD technology becomes economically feasible when agricultural producers are in 
ŀ Ǉƻǎƛǘƛƻƴ ǘƻ ƳƛǘƛƎŀǘŜ ƭŀǿǎǳƛǘǎ ǘƘŀǘ ƳƛƎƘǘ ƻǘƘŜǊǿƛǎŜ ǊŜǎǳƭǘ ŦǊƻƳ ƻŘƻǊ ŀƴŘ ǿŀǎǘŜ ƳŀƴŀƎŜƳŜƴǘέ όYŜǎƪŜΣ 
2012). 
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Anaerobic digestion systems have been proven to result in significant reductions of harmful bacteria 
found commonly in raw manure. This reduces the loading rate of harmful bacteria to agricultural lands 
(Kearney, et al., 1993). Recent research conducted by WSU finds that these pathogen reductions can 
persist even after subsequent storage and application of the digested materials. Their research report 
ǎǘŀǘŜǎΥ άAD treatment of manure and pre-consumer food wastes reduced bacteria (pathogens and 
indicator bacteria) in the liquid, solid, and composted solid fractions of post-!5 ƳŀƴǳǊŜΧΦ²ƘŜƴ ǎǳǊŦŀŎŜ 
water run-off was monitored from grass fields that had applications of AD or non-AD lagoon-origin 
manure, fewer surface water samples were positive for total coliforms from AD amended grass plots 
than from non-!5 ŀƳŜƴŘŜŘέ όIarrison, 2011). 

 Although initial interest in anaerobic digestion may have been for managing municipal wastewater for 
odor control, health, and environmental safety, the similarity between biogas and natural gas was not 
lost on practitioners. As a result of experimentation and technological innovations, biogas has been used 
in the same ways one might use natural gas ς to fire stoves, boilers, furnaces, engines, generators, and 
as transportation fuel. 

Figure 7 shows a typical process flow for AD projects installed at nearly 250 farms around the U.S. 
(AgSTAR, 2016). The anaerobic digester receives manures and other organics residuals suitable to the 
mostly liquid environment of a farm-based digester. The digester produces biogas that can be converted 
into several different forms of useful energy. After digestion, the material that leaves the digester tank, 
also known as digestate, is commonly separated into solid and liquid fractions. The solid fraction 
contains significant amounts of fibrous material from the dairy feed, left unconverted either by the cow 
or the digester. The digested fiber is sometimes used as bedding for cows or other animals. It may also 
be composted or processed as peat moss replacements or as other value-added products. The liquid 
fraction contains soluble nutrients from the manure and other feedstocks fed into the digester. The 
liquid fraction can be applied as liquid fertilizer on crop lands or the nitrogen and phosphorus nutrients 
can be extracted into fertilizers that may be easier to export from the farm to end users. 

The demand for, and the value of, renewable energy has gone up and down in recent years. Interest 
from dairy producers in developing AD projects has seen similar swings. The interest from dairy 
ǇǊƻŘǳŎŜǊǎ ƛƴŎƭǳŘŜǎ !5Ωǎ ŀōƛƭity to reduce odors and pathogens in manures as social and environmental 
regulatory pressures continue. The value of green energy and other co-products also helps increase 
individual project feasibility.  

As shown in Figure 8, Washington is home to eight dairy manure-based AD facilities. Roughly half of the 
projects involve some cooperation with or combined digestion of manures from more than one farm. 
Most of the existing projects co-digest additional pre-consumer organic substrates from food 
processors. The most recent digester became operational in 2012. No new digesters have been installed 
in Washington since then. This trend has been observed nationally as well, due in large part to the fall in 
electricity and fossil fuel prices. 
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Figure 7. Basic anaerobic digestion system flow diagram (AgSTAR, 2016) 
 

 
Figure 8. Farm-based AD projects in Washington (WSDA, 2014) 
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Markets for Digester Products 
With businesses and consumers enjoying relatively low energy prices for electricity and fuels in 
Washington today, the potential for success in AD projects depends even more on gaining revenue from 
a variety of sources. In the next section, we look at various revenue streams and markets for products 
from a local AD project. AD projects can produce at least 10 potential revenue streams from:  

1. Clean, renewable energy, for electricity, renewable natural gas (RNG), or transportation fuel; 
2. Surplus heat from power production for digester heating, on-farm use, greenhouse or other 

uses; 
3. Tipping fees for accepting and recycling organics residuals; 
4. Digester effluent solids (fiber), suitable for bedding, compost, peat replacement, etc.; 
5. Digester effluent liquids, suitable for land application as irrigation water and crop fertilizer; 
6. Recovered nitrogen fertilizer; 
7. Recovered phosphorus fertilizer; 
8. Renewable energy credits (RECs) or fuel credits in the form of Renewable Identification 

Numbers (RINs); 
9. Carbon offset credits, tradeable in voluntary or compliance markets and; and 
10. Possible water quality and/or water quantity benefits or credits. 

 

Energy Pathways  
AD projects focusing on livestock manure have identified a variety of methods to get the most profitable 
benefit from the production of biogas (depicted in Figure 9). Biogas can be combusted directly in 
heaters, stoves, or boilers to provide useful thermal energy, or converted by various types of generators, 
turbines, or fuel cells into renewable heat and electricity (also known as Combined Heat and Power, or 
CHP). As renewable electricity, the green power can be used as an off-the-grid resource, but is more 
commonly added to the electricity grid through Power Purchase Agreements (PPAs) with local utilities. 
Through biogas upgrading steps, the methane contained in the biogas can also be separated from the 
CO2 and other trace gases into a more pure form of biomethane or RNG. RNG may be injected into the 
natural gas grid pipeline system, or compressed or liquefied and used directly for transportation fuel, as 
at CNG filling stations.  

 
Figure 9. Energy pathways for biogas from digesters (Kabasci, 2009) 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi1lKKhg8TMAhVU1mMKHf3hAcwQjRwIBw&url=http://www.renewableenergyworld.com/articles/print/volume-12/issue-5/bioenergy/boosting-biogas-with-heat-bonus-how-combined-heat-and-power-optimizes-biogas-utilization.html&psig=AFQjCNE_XzAJHDfvlXugMwoaUGfOBC15vw&ust=1462575108058115
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Each of these biogas energy pathways has its advantages and disadvantages. CHP generation of 
electricity is often thought of as the default use for digester biogas. A project developer can earn 
revenue for renewable electricity and still use heat recovered from the generator to keep the digester 
operating efficiently and for other valuable uses. As transportation fuel, biogas helps reduce 
dependence on fossil fuels and foreign sources of petroleum. Using it to replace gasoline or diesel 
provides additional air quality benefits, including reductions of particulate matter and other air pollution 
from vehicles.  

The ultimate end use of the biogas from a digester has a major impact on the extent of upgrading or 
treatment given to the biogas. For example, boilers and CHP generators can use gas with lower BTU 
values (meaning more CO2). The first step, after removing water vapor from biogas, ƛǎ άŘŜǎǳƭŦǳǊƛȊŀǘƛƻƴΣέ 
that is, reducing the level of hydrogen sulfide (H2S) to less than 1,000 parts per million (ppm). H2S 
adversely impacts engine components regardless of engine type and burning without removal can 
increase air pollution. Siloxanes, a by-product of the use of health and beauty products, may be found in 
landfill, wastewater, and sometimes digester biogas. They are highly corrosive and require removal prior 
to use in engines or vehicles. 

For RNG, the CO2 must be removed. The methane 
percentage must be over 90% for most vehicles and over 
99% for injection into natural gas pipelines. After this 
conditioning, RNG is compressed to appropriate pressure 
levels for fuel tanks or for pipeline injection.  

Electricity Markets  
Puget Sound Energy (PSE) is the local utility supplying electricity and natural gas for the south Thurston 
County area. PSE has been a strong partner with most of the existing AD projects at Washington dairies, 
including the Qualco CHP project (Figure 10). Adding renewable electricity onto the electrical grid in 
partnership with PSE is a well-developed process. The systems for making the grid interconnection have 
been tried and tested. PSE has established a standard 
offer contract for projects to connect to the grid.  

The terms and payments of the PSE offer are 
reflected in Schedule 91 of its Electric Tariff, 
approved by the Washington Utilities and 
Transportation Commission (WUTC). For 
cogeneration and small power production, the 
current Schedule 91 offers prices ranging from 
$61.19/MWh (2016) to $88.62/MWh (2031) for 
biogas power. That is equivalent to $0.062 to 
$0.089/kWh. This offer price also reflects the value of 
the renewable energy credits that can be monetized 
from this power resource. The standard offer is 
updated each year with the initial price and 
subsequent annual values going up or down 
depending on current conditions. The values in the 
contract are fixed for a negotiated length of term. For 
project developers it is a bit of a gamble taking on the set values in the Schedule 91 during the year they 
are ready to build and commission their project.  

Learn more about producing renewable 
heat and electricity using CHP systems 
through the NW CHP Technical Assistance 
Partnership. 

Figure 10. CHP plant, Qualco digester project 
(WSU Energy Program) 

http://northwestchptap.org/
http://northwestchptap.org/



















































