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Symbolsand Abbreviations

Btu
°C
CH
ca
cf
cfd
cfh
cfm
DGE
°F

ft

gal
GGE
gpd
Hzo
hr
st
kw
kWh
L

b
mg
MMBTU
MW
MWh
Nm®
o
ppb
pPpm
psi
tpd

British thermal unit (1 Btu = 1.055 kilojoules)
Degrees CelsiusH = 9/5C+32)

Methane

Carbon dioxide

Qubic foot or feet

Qubic footor feet per day

Qubic foot or feet per hour

Qubic foot or feet per minute

Gallons of diesetquivalent

Degrees Fahrenheit€ = 5/9 {F- 32)]

Foot or feet (1 ft = 0.3048 meter)

Gallon (1 gal = 3.785 liters)

Gallons of gasoie-equivalent

Gallons per day

Water

Hour

Hydrogen sulfide

Kilowatt

Kilowatthour

Liter (1 L = 0.2642 gallon)

Pound (1 Ib = 0.4536 kilogram)

Milligram (1 mg = 0.0154 grain)

Million Btu (as in a thousand thousaidu)
Megawatt

Megawatthour

Normal (dry standard) cubic meter (1 Rm35.31 normal cubic feet)
Oxygen

Parts per billion

Parts per million

Pounds per square inch (1 psi = 0.06804 atmosphere)
Tons per day (1 tpd = 0.92 megagram per day)
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Executive 8mmary

During Phase 1 of the Clean Energy Development Project for Thurston County, an Anaerobic Digestion
Technical Advisory GrodD 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
Energyengaged with the WSU Energy Program to investigatential opportunitiesfor anaerobic
digester(AD)development in the county.

Starting with a detafld analysis of the availablerganics residualresources suitable for anaerobic
digestion, theprojectteam found that Thurston County has significant volumes of dairy and chicken
manure pre-consumer and postonsumer food residuals from residential, coential and industrial
sourcesand other organics, such as restaurant grease trap w&stasideringhe geographical
distribution of these digedble orgaric materialsgspecially the location of larger dairy farnise

project team, in consultation witthe ADTAG, identifiecan area near Grand Mourithat offereda
promising combination of agricultural, commercial, and institutional mateaat interestghat could
form the basis of one or morguccessfuRDprojects.

The Phase 1 studgvaluated two models for AD developmenta single dairy farabased digester and a
larger, multifarm, communityscale digesterPotential key partersin afarm-based orcommunity
digester projecinclude:

1 Oneor more area dairies

1 One or more poultry farms

1 The Chehalis Tribewhichhas interests inthe Great Wolf Lodgd,ucky Eagle Casinand other
area properties

1 Dept of Correctionswhichhasthe Maple Laneand Cedar Creekorrection facilities

1 ThurstonCounty which operateshe Grand Mound wastewateréatment facility

9 Agricultural producer members of thBountiful Byway agritourism zone in south county

Each of these potential partnemight findit beneficialto participatebecause they could provideD
feedstocls or useoutputs fromadigester projet; andgain important economic, environmental, and
social benefits for their operation3he study found that each of the modelegdportunities is made
stronger and more viable by combining individual interests into partnerships that share the costs,
beneits andrisks.

Major mmunity-wide benefitsof a successful AD projeict this areanclude:

1 Dairy nutrient managementith reduced odors and pathogens

9 Production ofclean renewablenergy from biogas

i Significantedudion of local greenhouse gas emissions

1 Potential for greatecommunity resilience, with baseline renewable energy

With creativityand community inputan AD project could contribute many agritourismenefits
throughout the Bountiful Byway regionf southThurston County, such as

9 Produdion of clean biofertilizers for local farms

1 Generaion of new valueaddedsoil products from digested materials

1 Produdion of renewable energy/heat andarbon dioxidgCQ) for greenhowses or food
processing

9 Important improvements and support for dairy production and processing

WSU Energy Progranbigester Opportunities for Thurston County



Water qualityprotectionis another valueaddedenvironmentl and communitybenefitthat closely

aligns with the missions afean water agencies and environmentally friendly nonprofits and investor

Examples of these benefits include:

1 Containment of raw manure in the digester tanks

1 Significanpathogen reductions idairy manure kept in open storagafter digestion
1 Reduced odor and pathogensdairy manure mitrients spreadon localcroplands
1 These dairy manure improvements protebe Chehalis River and adjacent floodplain

Purpose and Intent
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Figurel. Map of the Thurston County Bountiful Bywdyhurston County, 2014)

The potential for conflict arises wheim the course ofegularoperations, dairy producers usece, dry,
sunny days to spread storedamure as fertilizer for feed cropSome believehte best opportunity to
address the odor coli€t that results ighroughanaerobic digestionwhich reduces odors amitoduces

27

renewablebiogasand other marketable product$-armers can still get the nutrients for crops and make
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atmospherethat is unpleasant for visitors

Anaerobic digestiomprovides manyvaluable community benefits, starting witkductions ofodors and
pathogens commonly attributed to dairy manure management. In addition, commuacitle digester
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projects support food waste recycling for nearbyod processorsnstitutions, and resortsreduce area
greenhouse gas emissigrad produceenewableenergyfor project partnersand biofertlizers for area
farms.

During Phase 1 of this project, tAi@urston County Commissioners' office convenedunty-wide
stakeholder group tatudy the feasibility of developing one or more anaerobic digestertreat

agricultural manuressolid waste materials, and other orgasiesiduals in Thurston County. Broadly
inclusive of locahnd tribal governmentsstate agenciesand private enterprisgthis stakeholder group
encouraged further study. This led to formation of the Anaerobic Digestion Technical Advisory Group
(ADTAG)with a group of county departments, the Evergreen State College, LOTT Clean Water Alliance,
and Puget Sound Energy acting as sponsors. Trhéted the Washington State University (WSU) Energy
Program to research arghalyzethe potential of anaerobic d&sters to cost effectively address a range

of local issues and produce economic and environmental benefits

Completing this type of techneconomic feasibility analysis requires tipattential project developers
andinterested stakeholderbok at the bigpicture of a possible project, while also lookingiradividual
puzzlepieces how they fit together andhe synergy that emerges whenproject is fullymplemented
Feasibility studies considand narrowthe broad range of different alternatigdo a problem. They
formalize decisionmaking processesvhile aldressngand mitigatng possibleisks They dentify any
potential fatal flawsthat could stop a project early on. Finally, they help tmuiment thedifferent
analyses neeel to secure projecpartners and potential capitahvestmens or grant support.

Project Approach

Working in cooperation with the ADAG, theprojectteam procealed withthree major activities

9 Task 1Completean inventory of organic materials that could be used as feedtdtmca
digester project. Theniventoryof organics residuandresources considered amures (dairy
and chicken) anébod residualdrom food procesesrs, fish and seafood producers and
breweries.The inventoryestimatedscraps fronfood service facilitis, schoolsand other
campustype 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.

1 Task 2 Create and analyze theo basicmodels single, farmbased and communitgcale
digesters for potential projects in south Thurston Counfihis involvedesearch inteexisting
successful digester projects, combinations of feedstock materials, and potential locations. To
assess potential guortunities, the project team explored and analyzed opportunities for
significant power/fuel offsets, use of digested nutrients, environmental benefitproducts
development and use, workforce development, and other projeebenefits.

1 Task 3 Ehgagewith community members in south Thurston Coureyndmeet with potential
collaboratorsto identify possible mutual interesendany concernsThe teamexplored
potential opportunities for partnershipsPrepare recommendations andpéan for the next
phaseof clean energy development in Thurston Couwvgs included as a project deliverable

The project team met twice with the ADAG to provide key information and share conclusions. After
concluding the study, the ADAG and project team shared the resufghe study at a public meeting in
May 2016.

WSU Energy Progranbigester Opportunities for Thurston County



Task 1Feedstocdnventory. Materials and Sources
The £edstockevaluationconductedfor this study inventoried various orgasiesiduals availablan
Thurston Countyws potential feedstockor an AD project. The feedstock inventayaluateddifferent
residual materialgonsideringhese criteria:

1 Types

1 Sources

1 Quantityiolume

M Characteristics

Evaluating the variety of available feedstocks is important becauskigesting a mix of materials ©a
increase the yield of biogas and contribute significant revenuegiftidees) from taking in and
processing waste residuakigure 2shows the potential biogas yield from various types of organic
residuals, some of which are available in ThurstonnBoar surrounding areas.

Animal Fat = 3 78,923
Wiaste Wheat (Mhole Grain 1 20,308
Bakery \Waste | 22.5149
Fats - Grease Separator 3 21,1849
Sugar 1 (19,246
Residual Fats 3 1, 540
Grease 1 1,540
Blood 3 16,774
Floated Waste (DAF) 3 15,009
Com Silage 3 15,009
Animal Carcass a 13,437
Triticale | 1 12,434
Food \Waste (Left Ower Food) | 1 10,330
Fye | ) 047
Straw E==———=———x= 3 (&7
Com Silage === 7 415
o Switchgrass FP————— § 357
Green Clippings (Garden) Waste = 6.082
Cats === 5 {94
rv1uhl-¢|§a|'.ﬁ.'aslewter Sludge === 4.501
resvers’ Grain (Waste) e |4 414
Fotato Peelings E=—= 4,01
Paunch == 3002
Foultry - Chicken Manure === 2.013
Distiller Grain Wastewater =3 2,
Whey = 2118
— 'l

Fruit Waste 942

Brewery Yeast Solution =2 1,642
Swine Manure = 1.271

Dairy Manure = 1,006

a 5000 10,000 15000 20000 25000 30000 25000

Biogas yield, cubic feethwet ton

Figure2. Biogas yield from a varietpf organic feedstock materialéTetraTech, 2011

ThurstonCounty [airies

The project teanbeganby looking at available data about dairy farms in Thurston Couhg/cdncerns
expressed about potenti@dorsassociated with usindairy manure nutrients as fertilizem cropfields
started the process of looking at AD as a possible solution. The team f@auivedairy farmsin the
county. All are in south Thurston Countyith mostnearGrand Mound and Rochester, west of
Interstate 5. Of thee, four dairies are considered large by industry standawdish more than 700 cows.
The largest dairy, Jam&woadDairy, just south oGrand Mound, milks close to 1,500 cows. The total
number of cowsat all countydairies iscloseto 4,500.Though the project team could find no formal

Digester Opportunities for Thurston CountyySU Energy Program
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studies of the current cosif managing maure for the dairy producer, it haseen informallyestimated
by adairy industry professionab beasmuch as $0.50 pegallon

Milk isthe second largest agricultural commodity in Wagftam, contributing more than $1.6illion in
farm gate revenuéi 2 (i K Sdaigy prodiicBrealditional, indirect economic eféés bring the overall
impact to more than $3 billior\Vith 12 active dairiesThurston Countycows produce more than 12
million gallons of milk annually, with a combined vailm014o0f $20 million. Dairies support as many
as 10 to 20 employees at eaclcility.

Reviewing various sources of data about manure production and characteristics, including the
Washington Biomass Inventory, the project team estimates that at 14 gallons peTluagton
County2 4,500cows generatean estimated2,000 tons of liquid manurand urine per yearAt 812%
solids, this is equal to 8,301,500 dry tons per year. The estimated methane yield froregdigg all
this manure would bé 35,000 to 23M00 cubideet per day ¢fd).

The ADTAG agreed thatames RoadDairy(given its size and location near Grand Moucai)ld bea
central location for hosting an AD project in this ar@herdairies alondgscatter Creek and MooroBd
couldpossiblyhost a digester obe connected via underground manure pipeliies central digester
project The other two large dairiesin this area; Beave Creek Dairy and Plowman Dairgouldalsobe
host sites for digesters aouldcontribute to a largr community digester via shettuck hauls.

Through interviews wittocal dairy producers another dairy industrystakeholdersadditional
observations were made about the local dairy community. These include:

9 The original dor issue has subsided somith better managementbut haulinglaw manure
along county roads anddhwaysis still common in the area

1 Environmental pressures on manure management and stoaageon spreading manure as
fertilizer continueto grow.

1 Nitrogenandphosphorusare conserved in anaerobic digesters, grads throughn more plant
available foms, requiring effective management of these nutrients after digestion

1 There idittle contaminationof manure by plastic or chemicals, though in some parts of the U.S.,

concern has been expressed about antibiotics in manures.

TwoThurstondairies are cdocated with creameriesproducing yogurt and cheeses.

The Darigold plant in Centralia is the majaitk processoin the area

Low energy pricemean thatend products§rom ADliquids and solidsr environmental credits

from ADbecomemore importantas reenue sources

=A =4 =

Poultry Farms

Three majoipoultry facilitiesare locatedn the south Puget Soundrea These includéhe Briarwood
and Steibrsfarms in south Thurston Countgnd WilcoXarms in Pierce Countyotentialdigester
feedstocks from thes#acilities are dry manure, wet manurequiid egg waste, and mortalities. Talking
with managers at these facilities, the project team made the following observations

1 Dry manure idikelytoo valuable as an existing organic fertilizer dovpsto be avaidblefor a
digester project

1 Wet manurecollected separately in new cadee facilities mighbe available and would
significantly increase both biogas production and the creation of nutrients that require export
from the host site. It is estimated thétere is aminimum of2,912wet tons per year available
from theselocalfacilities.

WSU Energy Progranbigester Opportunities for Thurston County



9 Liguid egg waste from cracked, spoiled, brokamotherwise wasted eggs (with or without
shells)could supply valuable feedstock. There is a minimum ofvBat8ons peryear available.

1 Mortalities require careful managementt was reported to project staff thagoultry mortalities
arecurrently rendered or crematedt @ignificantexpense Someof this material maygurrently
be transported out of Thurstoi@ounty. It is eemated that a minimum of 1,700 tons pgear of
mortalitiesare disposed in this way

1 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 aagjdire changes to any of
these existing manure or mortality procedures in the future.

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

Management ostswere not shared with the project team. ddvever, with the exception of dry chicken
manure as fertilizereach of these waste producli&ely has significant costto manageind some
recognizable valuether observations about the local poultry industry include:

1 Chicken manure haall 13 nutriens used by plants, and little known contamination

1 Dry manure ivaluable, and is currentlgold as organic fertilizer

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

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

1 High nitrogen levels ipoultry manure can be inhibitory to ABosmallamounts need to be
combined with other feedstock materials

1 Nitrogen and otler nutrients pass through digester, requiring active management

Organics fromMunicipal Solid Vste

Foodresidualsstill make up a significant portion of the municipal solid waste (MSW) collection and
processing system in Thurston Couriftiie data provided in this section wgatheredby Thurston
County Solid Wastéf collected separately, food wastesth high liquidcontent can be processed into
manurelike slurry However, most ofttese materials areuwsrently collectedn combination with yard
debris and other preand postconsumerorganics Thispotential source of AD feedstock has i
potential for physical contaminatioand salts content

Recovered organics from MS3rrently cost$54to
$85perton to recycle into compost products
Potential sourcesf recovered oganics as currently
collected are shown in Figure 3
1 Residential = 18,4%0ns/yr
¢ Waste ConnectionResidential = 13,435
tons/yr
¢ OlympiaResidential = 5,06ns/yr
1 Commercial = 1,58@ns/yr
¢ Waste Connection€ommercial = 965
tons/yr
¢ OlympiaCommercial = 62tbns/yr
WARC SeHlaul = 5,763ons/yr
PickLine Wood = 1,61tbns/yr

Olympia
Residential
5,060
18.4%

Olympia
Commercial
965
3.5%

Waste
Connections
Residential
13,435
48.9%

27,464
Total Tons

Waste Connections
Commerical
624
2.3%

"\ Pick-Line Wood
1,617
5.9%

WARC Self-Haul
5,763
21.0%

=a =4

Figure3: Sources of recovered organics from MSW

_ Digester Opportunities for Thurston CountyySU Energy Program



Phase 1. Sout@ounty Community Digester Project

The dstribution of organic materialsurrently recovered

by the recyclingsystem now idllustratedin Figure 4. It
includesl7,051tons/yr of separated organics (mostly yarc
and garden debris) that go to ttgilver Spring

composting facility. Material that contains more food
waste or compostable paper is accepted and delivered t
RoyalOrganicsCompostingeastern Washington) or Lenz
CompostingStanwood, WA). They currently receivg90
tons/yr. The highly woody organi@sction isprocessed as
mulch @,999tons/yr) or hogfuel (.e.,wood chips for
boilers) 6,624tons/yr).

Silver Springs
Organics 17,051
62.1%
Royal Organics
1,790
6.5%

27,464
Total Tons

Costdor recycling these various organics residuaksas
follows:
1 Silver Spring @anics + mulch/hogukl; ~$52
54/ton = $1.4 milliotyr
f  Organics to Lenz/Royal Organics: $85.00/ton =  Figure4. Distribution of organics for recycling
$152,150yr

It isworth noting that while the foodrich materials that go further distances for processimng higher

in unit cost to process, they represent a smaller portion of the overall MSWRastessing any of these
mixed materials in an AD projecowld 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 Edible Food

12,488
controls). 23.7%

Hog Fuel
6,624
24.1%

Organicsresiduals that are not separated and collected
for recycling buthat go to the landfillcouldalso be 52,670
considered as a source AD feedstockThese landfill Total Tons
organicgotal 52,660tons/yr. Individual types of A20% of totel

incoming waste

landfilledorganics illustrated in Figure 5nclude: stream

f Yard waste, wood, and compostablaper = SompoRats feee

6,040

25,830tons/yr T i
1 Food vaste = 26,83@ons/yr, which ishalf of 5,000

landfilled organiceind approximatel6%of all e

disposed waste

¢ Residential = 15,6 7Ans/yr Figure5. Organics residuals still latfilled

¢ Commercial = 11,156ns/yr

Commercial organicstill beinglandfilled are particularlattractiveto potential AD projec. Estimates
from previous waste sorting studi@sdicatethe commercial organicsector willcontain large volumes
of collectibleeagder-to-separate, preconsumer food scraps from a fewaeamberof commercial
locations.Preconsumelvegetative producevastes collected separately from grocery stores @ box
storeslike Costco, Fred Meyeand Walmart
are examplesNon-organic ontamination from
these sourcesouldbe easier to control,
leading to more successful-cigestion.

Learn more abou¢ K dzNB (G 2y / 2 dzy {
and recycling programs and data at their websity
www.co.thurston.wa.us/solidwaste
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Conversely,asidential organics come in small volumes that are not easy to collect sepafiaely.
capture biogas from the organics waste stream as it is cugre@atlected would require evaluating AD
systems designespecificfor thesecombinations of food scraps, grass clippings, garden debris, wood
material, etc. They have mudtiigher solidsontentandrequire more processing and handling,
increasing sortingnd handlingcosts.Although there are igh-solids AD systems in use and
develgpment in cities around the U.,She ADTAG did not feeh highsolids systenshould be part of

the evaluationat this time.

The project team did a tour and considered the opgpaity to incorporate an AD facility at the Thurston
Wasteand RecoveryCenter (WARC). It does appear that WeARas areas ofolid groundhat could
accommodate an AD facilitiHfowever, the opportunity to bleshdigester gas with remainirigndfill gas

is dwindling as the production aindfill gas is falling quickAnaerobic digester developmentrist in
Fye2ySQa O dzNImSpfefieredce NdThutsibr-Qbunty solid waste officiatsentlyleans
toward greaterdiversionof orgarics residualaway from the WARGor example, the organics recovery
systems promoted by WI8E: a Washingtorbased companyare gettingsome interesfrom these and
other solid wastemanagers whdiope that the WIS systemscankeep more organics out ¢iISW
streams If a Thurston County community digester could also steer more ogaasiduals away from

the WARC, this auld be viewed as a positive development.

Industrial Food Processingources

Thiscategory of organics residuals focusesloa food pracessingsector.Food processing is a significant
part of the Thurston County economy. According to the Washington Department of Agriculture,
Thurston is among the tofpod processingountiesin the state. Washington departmesnbof Revenue
and Employmeng&ecuritydata from 2012outs thevalueof the food processingndustryin Thurston
Countyat $387 millionand includesin estimatedb67 jobs. ThiplacesThurston Countamongthe top
countiesstatewide for revenue

Interest by AD developers in this sector is strong because of the potemtieateivesinglesource, easy
to-collect,pre-consumervegetative materialshat arerelativelyfree of contaminantsThey are also
interested in iquid wastestreams(e.qg.,dairy products whey, brewenby-products and off-date
beverages, to name a fewThesewould likely be verycompatible withmosttypical AD projects

The industrial food processing industry is asthallengingector for information about organics
residuak. 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 indggésts
these businesses hawaptions fordistributing their organics resids forlivestock feedingr land
application as crop fertilizers.

Without asingle source of data for food processarsd challengel by the potential foroverlap with

commercial MSWoutes, the project team developed an estimate of the potential volurherganics

residuals in the industrial food processing sector. The team borrowettiadologesused by previous

solid waste studies conducted in Massachusetts, New Jersey, Connecticut, and Portland, OR, among

others. These earlier studies developestimates of the food scrap potential of different types of

businesses using standard industry classification codes. Food stiraptes were expressed on a per
establishmentorpeS Y LI 28SS o6l aAad | aAy3a F@FAtFo6tS RIEGE FNRY
Empbyment 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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Phase 1. Sout@ounty Community Digester Project

In the specific food manufacturingector, ThurstonCountydata showed 21 establishments with 350
employees It is estimated that these sources could genera@60 to 7,216py of organics residuals
These food manufacturing establishments include:

9 Fruit and vegetablé&od processing
1 Animal and poultry slaughter

1 Brewery waste

1 Seafood and fish processing

There is ®me evidence of fish farming and seafood processing, but our research so far is inconclusive
aboutthe availability of these resourcesTmurston CountyFish and seafood wasles a high biogas

yield, and some existing fargigesters get seafooccgaps from the regionthismay still be a promising
categoryasAD development proceeds.

Institutional FoodScrapSources

Government and tribahistitutions, hotels and resorts, hospitals, atatgeschoolcampusesonstitute
another category of food scpegeneration. They may havetersive organics separation and collection
programs often bolstered by zero waste goalas performed with the industrial food industry,

estimates of potentialdod scrap generation, includingre- and postconsumerscraps, \as based on
analysis of business industrial codes and employment data. In Thurston County, it is estimated that a
minimum 0f982 tpy is generated. The institutional source category may also genbkoaite manure,
landscaping debris, and biosolidse to the nature of their individual activities. Potential for generating
tippingfees could be high, as the competition for recycling or disposal at the WARC is relatively
expensive.

One potential challenge of accepting organics from institutional facibtieshe solid wasterulesthat
excludeco-digestion substrates from artype of municipal solid waste sourcéhat 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 contamindti@nmutrient

loading varies significantlyvhich presents cessing challenge€ompetition for FOG, which can also

be used to producdiodieselor other productsmeans gm

there iscompetition for revenueandtip fees

One of the more promising sources of FOG for AD
projects may be grease trap waste (GT8Hownin
Figure 6 Gease trap wastehave amonghe highest
biogas yieldperton. 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 haulersThurston W T = =\
County, estaurant grease traps are emptied by privat T ] ’
licensed haulers including Baker Commodities, Darlingﬁ::ii')&ease trap waste collectiofOregon
Internationd, FloHawks, RotoRooter, Oregon Qils, AAA ™"
Champion, Envirotech Septic Solutions, JMS Septic Semitaffordable Septic.
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Tablel. Analysis of potential food residuals in industrial food sectors in Thurston County

Massachusetts Portland New lersey Minnesota
Study Study Study Study
. . Food Food Food Food Food Food Food Food
1 § E SCFaps Soraps SCraps Scraps SCraps SCraps SCRApS SCTaps
5 & FE tons/ TOTAL TOTAL TOTAL TOTAL
MNAICs Category § E Bz yr per tansfyr sy sy
Fi B | sstablish- | tons per per tons per per tens per per tens par
g .E ment year emplayes year emplayes year emalayes year
20 311 | Feod Manufacturing 21 350 a20 1435
3111 | Animal food Manufacturing o o
3112 | Grain & Oilseed Milling o o
3113 | Sugar/Confectionary * +

3114 Fresh-Frozen-Orled, Fruit

& Vegetable, Merchant 3 37 656 1,968 17.0 £20.0
Wholezalars, Canners

3115 | Dalry Product

Manufacturing N * 25 a.0
3116 | Animal-Poultry Slaughter- .
Processing 3 Bl 656 1968
3117 | Seafood Product Preparation
& Packaging o o 28 Q.0
3118 | Retall-Commercial Bakerles,
Pasta, Tertillas L L
3119 | Other Food Manufacturing 5 118 656 3,280 23 26314
20 312 | Beverage and Tobacco .
Product Manufacturing 1 274 il B
3121 | Beverage Manufacturing
(Includes brawerles and 11 274
distillerias)
3l 424 Merchant Wholesalers,
Nendurable Goods - 1,058 Lo s
4244 | Food, Grocery & Related
Product wl1gesalers 23 530 147 3381 62 32913 | 3,000 T95.0
4248 Beer and Wine Merchant
Wholesalers 3 a8
4249 Flower, Nursery Stock ;
Whalesalers H 162
54 | 445 Food and Beverage Stores 107 2,170 2,500 | 27125
, T
4451 Grocery StorefSupermarket, & 1,643 393 14,3208

Convenience Retail

4452 Speclalty Foods: Meat,
Seafood, Frult-Veg, Baked 29 251 43 1,247
Goods, Other Food Stores

4453 Beer, Wine, and Liguor

Stores 14 236
B2 611 Educational Services 133 49,695 260 1,260.4
112 Community colleges - *
6113 Colleges and universities 14 1,285 242 3,388
.11 [ Hospitals 3 2,734 BO 109.4
6221 Huospitals, general 3 2,734 117 351
6222 Hesgitals, cont. o o
6223 Hespitals, cont. o 1]
B0 (623 ?;:T::g:nd Resldential care a9 5033 a0 209
6231 Nursing homes 8 992 5d a3z
721 Accommaodation 35 978
7211 Large Hotels & Casinas b1 2,135 1,500 7335
58 11z ;‘I:nc::erwces and Drinking 548 7012 1300 | 7.713.2
1223 :;Jg&;exg. Caterers, a8 312 2300 2332
7224 Drinking Places 30 226
7315 Full-5ervice Restaurants 490 6,574 51 24,990 3,000 9,861.0

TOTAL | 57,348 | TOTAL 65517 | TOTAL |11,622.7 | TOTAL |12,553.4

5IC = Standard Industrial Classification

MAICs = Morth Armerican Industrial Classification System
* includes both public and private establishments

** Screaned for confidentiality

Sources:

Massachusetts: Draper/Lennon, Inc., 2002, idennfication, Characterization, and Mogging of Food Waste and Food Waste Genergtors in Mossochusetts,
Massachusetts Department of Environmental Protection

Portland {Oregon): Martin Lott, et al., 2010. Portland Metropelitan industriol Food Waste Study Seport. Energy Trust of Oregon (adjusted for grocery)
New Jersey: Mercer, Arnold, 2013, Assessment of Food Waste Genergtion in Mercer County, New Jersey. Rutgers New Jersey Agricultural Experimental
Statian.

Minnesota: Foth Infrastructure & Environment, LLC., 2009, Source Separoted Organic Moteriols Anaerobic Digestion Feasibiffty Study.
Ramsey/Washington County Resource Recovery Project,
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Phase 1. Sout@ounty Community Digester Project

The project team understands that GTW may be included for consideration adigestion feedstock
within the 30% of outside substrates accepted while maintaining solid waste exempt status.

According to the frequently referenced study of FOG generatioNdtional Renewable Energy

Laboratory (NREL), Americans produce on average approximately 1.88 Ibs 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 generatedthg LOTTClean Water AlliancéAt LOT;T
organicsrich scummaterialis collected from variougsumpingstations around the countytotaling an
estimated 975 to 300 gallons per dag460,940 gal/yr wetl17,00 gal/lyr dewatered)The wlume and
characteristicare highly variable As an Aleedstockthis material would have hgh potential for
physical, chemical, and fecal contaminatidinis would
cause significanimpactsfor permitting and nutrient loading | Learn more abut different types of

potentials The ABTAG agreed to leave out further biomass resources through the
consideration of this material Washington State Biomass Inventory
mmary

All the mtential AD feedstockandsourcesas determined by the project teardgescribed above and
listed in Table, include:

91 Dairy 12 farms (4 largeppprox.4,500cows = 92000wet tons per yeartons/yr)

1 Poultry. 3 area farms, liquid mama, egg breakageand other residuals 5,500tons/yr

1 Municipalsolid wasteall organics at th&®/ARQ: 27,000tons/yr recovered, 5300tons/yr
landfilledr current food waste collected estimateld589tons/yr; which could be enhance
through greater collegdn efforts to abouts,578tons/yr

9 Industrialfood processing scrapgstimated 3,0007,000tons/yr

9 Fish/seafoodinconclusive

1 Brewery residuals: estimated 200 tons/yr

1 FOGestimated230tons/yr

1 LOTT scunvolumesvary; regulatory red flags
Table2. Potential energy production fromAD feedstock sources

MATERIALS TONSyr METHANI POWEF RNG- FUEL
(MMBTUl/yr) (kWhlyr)  (GasGalEgviyr)

Dairy manure 92,000 57,086 4,818000 444,000
Poultry manure 2,912 5,232 441,000 41,000
Otherpoultry 2,376 19,692 1,662000 153000
Foodcurrentcollection 1,589 10,124 854,000 78,000
Foodenhancedcollection 5,578 35,540 2,999000 277,000
Food processg materials 3,260 20,771 1,753000 162,000
Foodscraps frontampu®s 982 6,257 582,000 49,000
Breweryresiduals 200 545 46,000 4,000
Fats, oils, andgreases 230 3,006 254,000 23,000
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Task 2Comparison ofoonceptual Digester Models

Anaerobic Digestioniindamentals

Anaerobic digestion iaform of decompositionsimilar tocomposting While composting is an aerobic
process, anaerobic digestion occunghe absence of oxygeuring the process, methasgoducing
bacteria converilecomposing organic materidalgto biogag a mixture of methane,CQ, and other
tracegases.

NI G dzNJ £ FnetBaned 6 TR A& AX2dzy R Ay foayldd SiNidhdNG ymfFagaidas S NIJ S a
continues to forraturally in bogs and swamps (hence@®® YY 2y Yy I YSI Gaglagdd Il 4¢ 0
anatural byproduct of burying organic materials in landfilsof keepindiquid manure in storage

lagoonsBiogas 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.

Table3. Aerobic vs. anaerobic decomposition

COMPOSTING ANAEROBIC DIGESTION

Aerobic (Oxygen) Anaerobic (No Oxygen)

Balance carbon and nitrogen Balance carbon and nitrogen

Balance moisture Balance moisture

Volume Volume

Time and temperature Time and temperature

Produces compost Produces solid and liquid soil amendments
Emits carbon dioxide + trace gases Produces biogas:

methane (5070%) +
carbon dioxide (3@19%) +
trace gases (2%)

In the last centuryscientists and engineers fousgtonomicvalue in treating sewage wastewater solids
through the same anaerobic digestion principles that produce biogas. More regcengijneered
anaerobic digestion systems halwegun to beused toconverta wider range obrganic waste resources,
includinglivestock manuregnotably dairyand swinemanures) and food processing wastgisito biogas
and a range of valuable qwoducts

Controlled aaerobic digestion is widely acknowledged to have a positive impact on reducingbydors

80%to 90% (Iversen and Davis, 199®@atherine Keske, Colorado State Univergitplains that the

R A 3 S eemdydslordanics as it converts them to methane, whileseoving nutrients (nitrogen and

phosphorus). The end product is a low odor, high nutrient, stabilized waste suitable for land application

& TFSNIAT A h& hiddearobi¢ dig8stion buHldiEn&ffectivemeans to reduceéhe potential

for nuisance I ¢ & o téchriblogy becomes economically feasible when agricultural producers are in

- LRaAdAzzy G2 YAGAIIGS flgadAaida GKIG YAIKG 20KSNB.
2012).
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Phase 1. Sout@ounty Community Digester Project

Anaerobic digestion systems haveen proven to result isignificant redutions of harmful bacteria

found commorly in rawmanure.This reduces the loading rate of harmful bacteria to agricultural lands

(Kearney, et al., 1993Recentresearchconductedby WSU findthat these pathogen reductionsan

persist everafter subsequent storage and applicationthe digested materialsTheirresearclhreport

a i I (AB &redtment of manure and preonsumer food wastes reducéshcteria (pathogens and

indicator bacteria) in the liquid, solid, and composted stilidtionsof post! 5 Y I y dzZNB X ®2 KSy & dz
water run-off was monitored from grass fields that had applications of AD orAlBriagoororigin

manure, fewer surface water samplere positive for total coliforms from AD amended grass plots

than fromnor! 5 | Y Sy &rSéh£201). |

Althoughinitial interest in anaerobic digestion may have been for managingicipalwastewater for
odor control,health, and environmental safety, the similaribetweenbiogas and natural gas was not
lost on practitioners. As a resulf experimentation andechnologicainnovatiors, biogas has been used
in the sameways one might use natural ggso fire stoves, boilers, furnaces, engines, generators, and
as transportation fuel.

Figure7 showsa typicalprocess flowfor AD projects inwmlled atnearly250 farms around the U.S.
(AgSTAR, 2016hhe anaerobic digester receives manures and other orgaestduals suitable tthe

mostly liquid environment o& farm-based digester. The digester produces biogas that can be converted
into seveal different forms of useful energyfter digestion, the materiahat leaves the digesteank,

also known as digestates commonly separated into solid and liquid fractions. Thel$adiction
containssignificant amount®f fibrous materiafrom the dairy feed left unconverted either by the cow

or the digesterThe 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 otheraddieel productsThe liquid

fraction contains soluble nutrients from the manure and other feedstdekbkinto the digesterThe

liquid fractioncanbe appliedas liquid fertilizer orcrop landsor the nitrogen and phosphorusutrients

can beextractedinto fertilizersthat may be easier toxgort from the farm toend 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
LINEZ RdzOS NE A yitpth zii& ddors &8n@ pathdbgéns ih manures as social and environmental
regulatory pressures continue. The value of green energy and otherathucts also helps increase
individual project feasibility.

As shown in Figure 8, Washington is home to eigitydnanurebased 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 edigest additional preconsumer organic substrates from food

processors. ie 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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Figure8. Farmbased AD projects in WashingtqiVSDA, 2014

Digester Opportunities for Thurston County\SU Energy Program




Phase 1. Sout@ounty Community Digester Project

Markets for Digester Poducts

With businesses and consumers enjoyiatativelylow energy pricegor electricity and fuelén
Washingtontoday, the potential for success ADprojects dependgven more on gaining revenue from
a variety of sources. In émext section, we look at variousvenue streams antharkets for products
from a local AD projectAD projects can produce at least 16t@ntial revenue streams from:

1. Clean, renewable energy, fefectricity, renewable natural gd&®NG) or transportation fuel
Surplus heafrom power productiorfor digester heating, ofiarm use geenhouse or other
uses

Tipping fees for accepting and recycling orgaresiduals

Digester effluent solids (fiber), suitable for bedding, compost, peat replacement, etc.
Digester effluent liquids, suitable for land application as irrigati@ter and crop fertilizer
Recovered nitrogen fertilizer

Recovered phosphorus fertilizer

Renewable energy credits (RECs) or fuel cradifse form ofRenewable Identification
Numbers(RINs)

9. Carbonoffsetcredits, tradeable in voluntary or compliance markatet and

10. Possiblevater qualityand/or water quantitybenefits or credits

N

© N Ok

EnergyPathways

ADprojectsfocusing orlivestock manure haviglentified a variety of methods to get the most profitable
benefit from the production of bioga@epicted in Figur®). Biogas can beombusteddirectlyin

heaters, stoves, dooilersto provide useful thermal energpr converted by various types of generatprs
turbines, or fuel cellinto renewableheat andelectricity (also known aSombinedHeat and Power, or
CHP)Asrenewable electricity, the green poweanbe used as an cthe-grid resource, but is more
commonly added to the electricity grid throudlower PurchaseAgreements(PPAsyvith local utilities.
Through biogas upgrading stepietmethane contained in thkiogas can also be separated from the
CQ and other trace gases into a more pure form of biomethane or RNG. RNG may be injected into the
natural gagrid pipeline system, or compressed or liqguefied and used directly for transportationdsiel
at CNG filig stations

o Biogas as
f renawable fuel

biogenous
residues

CHP CHP CHP
module module module fiing

|
electric’ ‘heat elec:ric‘ ‘neat electric¢ ‘heat
power power power

Figure9. Energy pahways for biogas from digester@abasci2009)
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Each of thesbiogas energpathways has its advantages and disadvantaGetgenerationof
electricityis often thought ofasthe default use for digester biogas. A projesvelopercanearn
revenue for renewable electricitgnd still useneatrecoveredfrom the generatorto keep the digester
operating efficiently andor other valuable usesAstransportationfuel, kiogashelpsreduce
dependence on fossil fuels and foreign sources of petroldusingit to replacegasoline odiesel
provides additionalair qualty benefits, including reductions gfarticulate matterand 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 biogag-or example, boilers and CHP generators can use gas with lower BTU

values (meaning mor€Q). The firsstep, after removingwater vaporfrom biogasA & & RS & dzf ¥ dzNA T |
that is, reducing the level of hydrogen sulfid$S)to less than 1,000 parts per million (pprihS

adverselyimpact enginecomponents regardless of engine typed burningwithout removalcan

increase aipollution. Siloxanes, a bgroduct 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 RNGthe CQ must be removed. The methane

percenfagemust be over 9%for most vehicles and over |Learn more abouproducing renewable
9®%for injection into natural gas pipelineafter this heat and electricity using CHlpstems
conditioning RNGs compressedo appropriatepressure | through theNW CHP Technical Assistan
levels for fuetanks orfor pipelineinjection. Partnership

Electricity Markets
Puget Sound Energy (PSE) is the local utility supplying electricity and natfralthasouth Thurston
County area. PSE has been a strong partner miht of the existing AD projectst Washington dairies
including the Qualco CHoject (Figure 10)Addingrenewable electricity onto the electrical griial
partnership with PSE awell-developedprocess. The systems forakingthe grid interconnection have
been tried and tested. PSE hestablished a standard
offer contract for ppjects to connect to the grid.

The terms and paymentsf the PSE offeare
reflected in Schedule 91 a6 Electric Tariff,
approved by thaVashington Utilities and
Transportation CommissiofUTQ. For
cogeneration and smallgwer productionthe
currentSchedule 9bffers prices ranging from
$61.19/MWh (2016) to $88.62/MWh (2031) for
biogas power. That is equivalent to $0.(62
$0.089/kWh. This offer price also reflects the value of
the renewable energy credits that can be monetized
from this power resarce. The standard offer is
updated each year with the initial price and
subsquent annual values gplng up or down . Figure10. CHP plant, Qualco digester project
depending on current conditions. The values in the sy Energprogram)

contract are fixed foa negotiatedength ofterm. For

project developesit is a bit ofa gambleakingon thesetvalues inthe Schedule91 duringthe year they
are ready to build and commission their project.
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