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EXECUTIVE SUMARY

The Humboldt Waste Management Authority (HWMA) collaboration with the County
of Humboldt, the Cities of Eureka and Arcata, anthwupport from Pacific Gas and Electric
Company has prepared this report on the feasibdftyestablishing a regional food waste
diversion program in Humboldt County. The main chjee of this effort is to develop a working
model for regionalizing a food waste processinglitgan order to address the diseconomies of
scale often experienced by rural communities (itease communities that have fewer resources
with which to address environmental problems).

California state law AB 939 mandates that all jdiesons in California divert 50% of
their waste stream away from the landfill by theary@000. Although successful recycling,
hazardous waste, and composting programs havedasetoped in the County, some cities have
yet to reach the 50% diversion target. Accordinghe California Department of Resources
Recycling and Recovery, food waste is the largestponent of the remaining disposed waste
stream comprising 20% of residential waste, and ®%usiness waste disposed in Humboldt
County. For the purpose of establishing a food &aBversion program, the economic and
environmental impacts of a food waste digester s@®pared to in-vessel composting and
continuing to haul waste to out-of-County landf{ilB80 miles round trip).

A thorough economic analysis was undertaken tosasée feasibility of a regional food
waste diversion program. Key results are showméntable following this section (Table ES-1).
Economic factors taken into account include: thamgity of food waste in the local waste
stream, the costs of the current waste managertratgégy, as well as the costs of diverting food
waste through the anaerobic digestion and comppptiocesses. A lifecycle cost (LCC) analysis
is included to compare food waste management aptimer a 20 year time horizon. In this
case, the LCC analysis of the food waste digestalitly is compared to the LCC of in-vessel
composting and continuing to haul the food wastéhtoout-of-County landfills. The LCC for
the food waste diversion facilities include: cabitasts, operation and maintenance costs,
permitting requirements, engineering and site pap costs, as well as a contingency factor
to account for unforeseen costs. The current whsiding contract and the average fuel
escalation rate for the last 20 years is used timate the future costs of long-distance waste
hauling.

The results of the analysis indicate that estainigsleither an in-vessel composting
facility or a food waste anaerobic digester willluee the overall cost of waste management by
$12 to $16 million over a 20 year time horizon. Hwer, the anaerobic digestion alternative has
the lowest life cycle cost and the greatest emissreduction potential. This is due in large part
to the renewable energy generation potential oémiac digester systems. As energy costs rise
over time, composting and long-distance waste hgudirategies become more expensive while
the economics of anaerobic digestion systems ingordlierefore, for the purpose of maximizing



diversion, and minimizing long-term costs, theestand HWMA are now looking at developing
a regional food waste digester facility.

In addition to waste diversion and monetary saviagggional food waste digester
facility can reduce the environmental impacts asged with waste management. For example,
the proposed food waste digester facility wouldumsdgreenhouse gas emissions in three ways.
First, emissions would be reduced from avoided{distance waste hauling to landfills (326
MTCOz2el/year). Second, emissions would be reduwed the offset grid electricity use (540
MTCO2elyear). Finally, the proposed facility camiave substantial greenhouse gas emissions
reductions when food waste is diverted from latgl{ihverage 5,000 MTCOZ2el/year). This is
due to the complete capture of the methane (gextelst the decomposing food waste) in the
anaerobic digester system versus the incompletereapf this gas at landfills. These
environmental benefits will help all participatipgisdictions to meet future requirements for
carbon emissions reductions as per CA AB 32, tleb&@I|Warming Solutions Act (2006).

Other benefits include the creation of “green-adliabs, a reduction in the County’s
vulnerability to fuel price fluctuations, an oppamity for industrial food waste re-use (e.g.,
converting fish waste and cheese processing wasterenewable energy and fertilizer), and the
potential to reduce the costs associated with wgigtase disposal at restaurants. Furthermore,
more money will remain in the community through beal processing of food waste, as well as
the capture of the renewable energy generated thamwaste.

In summation, there are relatively few opportusittbat address so many needs while
simultaneously generating revenues to offset thescof construction and daily operations.
Humboldt County and California have been the lemadeprogressive thinking and sustainability
for many years. The Regional Food Waste Digesterlifyais an opportunity to further this
legacy as well as contribute to the long-term snatality of the regional community.



Table ES-1 Key Results from food waste diversioad atilization feasibility study. The values
shown are the results from the 10,000 ton / yeamgercial-sector food waste diversion

scenario.
Table of Key Results
Metric Value Unit
Tons of organic waste diverted / year from comnasictot 10,000 Tons / year
Estimated capital cost for full facility $7.8Mm Million $
Estimated operation and maintenance costs $340,000 $/year
Life cycle cost reduction of establishing an orgardiversion program  $12 to Million $
vs. current waste management strategy $16M
Tipping fee of regional organic waste processingcusrent tipping fee $§3152\és. $/ton
Renewable energy production 45,000,000 ft’ l;)/ieogras !
Gross renewable electricity production 2,500 MWedr
Net renewable energy production (25% parasitic)load 1,900 MWh / year
Offset grid electricity at the Eureka waste wateatment plant 1,100 MWh / year
Demand charge reduction at Eureka waste watemntesa plant $25,000 $ / year
Renewable electricity sold to PG&E 817 MWh / year
Revenues from renewable energy sold to P&&E $93,000 $ / year
Offset long-haul truck trig's 369 # trucks / year
Savings from avoided long-distance waste hauling 604200 $/year
Carbon emissions reductions from offset long-distaimauling 326 MTyC;g?e /
Carbon emissions reductions from offset grid eleityruse 540 MTyC;g?e /
Average carbon emissions reductions from avoidedfiling 5,000 MTyCé;)?e !

! Commercial sector waste streams considered iratt@fysis include food waste, grease trap wasteheese
whey.

2 It should be noted here that this total cost mebleon highly conservative values so as to avoélsalling this
project. HWMA staff and other project developers eonfident that this facility can be establishedd lower cost.
3 The time horizon for this analysis is 20 years.

* Demand charges are a component of PG&E’s E-19d @amnmercial electricity rate schedule. Demandggsar
are charges, in addition to a facility’s electyaitsage, that are based on the highest demandgkWéds during the
day. By generating electricity onsite, the magrétod the grid demand peaks are reduced, reducengemand
charges.

® The revenues from electricity sales are baseth@weurrent Feed-in Tariff rates offered by PadBis & Electric.
® Offset long-haul trucking refers to the food wastetion of the total organic waste tonnage only.
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CHAPTER 1. INTRODUCTION

The establishment of affordable, effective wastaagament is the key to a community’s
long term sustainability. Effective waste manageinpeactices improve public health and safety,
prevent soil and water contamination, conserverabtasources, and reduce greenhouse gas
emissions. This document focuses on food waste geanent by investigating the feasibility of
establishing a regional food waste diversion progfar Humboldt County.

The purpose of developing this program is to dif@otd waste away from landfills in
order to reduce the cost and environmental impafcislid waste management. The proposed
program will utilize the anaerobic digestion pracés convert food waste to renewable energy
and soil amendments. This program is regional @apedn order to address the diseconomies of
scale faced by rural communities in Humboldt Coumityp have fewer resources with which to
address environmental problems.

Benefits derived from this project are three-fétdst, local jurisdictions can reduce
commercial sector solid waste disposal by up to 3d9iverting food waste from landfills.
Reducing the amount of food waste sent to landfillshelp these jurisdictions reach and
maintain compliance with California waste diversinandate$.

Second, anaerobic digestion of food waste will tereéean, renewable energy in the
form of biogas which can be used to produce héatirecity or vehicle fuel. Finally, this project
will reduce the carbon footprint of Humboldt Coustwaste management system. This can be
achieved by avoiding uncontrolled emissions of meéhat landfills. Through processing this
waste stream locally, carbon emissions associatdmcking solid waste to landfills in
Medford, Oregon and Anderson, California are alsmded. These benefits are quantified in the
sections that follow, and can be seen in Table ES-1

This feasibility study frames the opportunity footl waste diversion through anaerobic
digestion by first describing the background of i@ativersion policy as well as the quantity of
food waste disposed in landfills. The next sectleacribes the impacts of putting food waste in
landfills and examines the traditional food wasteetsion options. Anaerobic digestion is
presented as an alternative food waste diversitioropCase studies of the existing food waste
digestion infrastructure are included to provideagic understanding of the current use this
technology in North America.

" According to the California Department of ResosrBecycling and Recovery (CalRecycle), waste steaniile
for Humboldt County, this figure could be as high3d%.

8 AB 939 The California Integrated Waste Managenfarnitmandates that all jurisdictions divert 50% it waste
away from landfills by the year 2000.

® Methane is a powerful greenhouse gas that is fonvieen food waste and other wastes are dispodadadfills.

1



The subsequent section details the proposed digaaem including the main pre-
processing and processing equipment that will leel i3 convert food waste to energy. The final
chapters contain a narrative describing the resfilise economic and greenhouse gas analyses,
the main conclusions and recommendations, andrtti@ations of this study.



CHAPTER 2. BACKGROUND

The Integrated Waste Management Act of 1989 (CA98B) established the California
Integrated Waste Management Board (CIWMB). As oluday 2010, this agency’s name has
been changed to the Department of Resources, Regyrid Recovery (CalRecycl®)and is
now a department within the California Natural Reses Agency. The CIWMB (now
CalRecycle) was formed to “oversee, manage, aw# California's 92 million tons of waste
generated each year,” including enforcing AB 93B.989 was created in order to address the
perceived landfill capacity crisis facing the higiplopulated cities in California. This state law
mandates that California cities and counties eagrtdb0% of their waste stream away from the
landfill by the year 2000. Jurisdictions that haneg reached this waste reduction goal must show
that they are actively implementing programs thiliteventually bring them into compliance.
Fines for non-compliance can be quite substantfatp $10,000 per day.As a result, most
jurisdictions have either reached the 50% wasterdign level or have received extensions due
to sustained efforts to achieve this goal.

The Humboldt Waste Management Authority (HWMA) idant Powers Authority that
is responsible for managing and tracking over 100 @ns of waste that is generated annually in
Humboldt County. HWMA is also responsible for aBsiits member jurisdictions in achieving
AB 939 compliance. Efforts to comply with AB 939%ealed to the development of successful
recycling, hazardous waste, and composting progmarie County; however, four cities in
Humboldt County have yet to reach the 50% diversinget™*

Food waste represents a significant portion ofémeaining waste stream. According to
the California Department of Resources, Recyclimdj Recovery waste stream profiles for
Humboldt County, food waste comprises 20% of tlsedential waste and 34% of the business
waste disposetf. Other waste characterization studies cite lowenlvers (e.g., 18.8% from the
Humboldt County’s 1990 County-wide waste charaz&ion study) indicating that the true
value is likely to be somewhere within these boukds this reason, HWMA and the member
cities are now looking at food waste to expand iciva.

Another important driving factor for food waste éigion is the cost of waste disposal in
Humboldt County. Solid waste is hauled an averdde3@ miles out of county to the Dry Creek
landfill in White City, OR and to Anderson landfjlist outside of Redding, CA. A significant
portion of the cost of waste disposal is tied ®filel costs. Therefore, when the cost of diesel

2 The names CalRecycle and DRRR refer to the saemcgg The citations for some of the reference riadse
from CalRecycle are still written as “CIWMB” as thaas the name of the agency when the reports wetten.
1 See http://www.calrecycle.ca.gdat more information on non-compliance fines.

2 The source for this information is the HWMA recemf waste diversion for the year 2008. The cifies have
not yet reached the diversion mandate are Eurekéya, Ferndale, and Rio Dell.

13 Waste stream profiles for all jurisdictions in #tate of California can be found at:
http://www.calrecycle.ca.gov/Profiles/




fuel increases, the cost of waste disposal ales.riBrocessing food waste locally will help to
minimize the County’s vulnerability to fuel pricei€tuations and increases over time. A map

showing the hauling routes can be seen in Figdre 2.
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Figure 2.1 This map shows Humboldt County's swldte disposal routes. Map source: Google

Maps.

Over the five years spanning 2004 through 2008, bhidt County has hauled an
average 100,000 tons of waste per year to out-ofydandfills. In 2009, disposed waste
decreased by ~20% due to the global economic downtsolid waste disposal quantities are
likely to return to historic levels once the econoracovers, and as the local population grows
over time. Therefore, there is a need to estahlisbw diversion program in order to reduce long
distance hauling to out-of-county landfills andndigate the economic and environmental costs

associated with this waste management strategy.



This feasibility study explores three food wastenagement options: 1. business as
usual, i.e., continue disposing food waste as ggrlizat is trucked to landfills, 2. municipal-
scale composting, and 3. development of a stamikedtmod waste digester. Analyses central to
the study include the estimate of the recoveraime fvaste in the region, the pre-processing and
processing equipment required to process this wastkthe total life cycle cost of establishing a
food waste digestion facility compared to otheriapd. The life cycle cost analysis includes
potential renewable energy production, annual dpgyand amortization costs, and prospective
reductions in waste management costs. Finally,study includes estimates of the greenhouse
gas emissions reductions that can be achievedghrmod waste diversion. The results of these
analyses provide useful information for planning anplementing a food waste diversion
program in Humboldt County.

2.1 Food Waste Disposed in Landfills

Each year Americans discard of 25% of all food piai annually, with less than 3% of
this waste diverted from the waste stream (US ERA9a)-* Food waste is the single largest
specific materidf in the California waste stream as well as the iestand wettest portion of
the waste stream (Figure 2.2).

Food waste is classified into two categories: pmescmer and post-consumer. Pre-
consumer food waste consists of leftovers from fpigaration, excess food scraps from
kitchens, and any other food waste that has nat berved to consumers. Post-consumer food
waste consists of the leftovers on plates and fbatis no longer fit for consumption (i.e.,
spoiled). Food waste decomposes quickly, and deactpests such as rats and flies as well as
cause unpleasant odors; this is the reason trastilésted on a weekly basis.

1 Food discards begin on the farm where food is dgahdy extreme weather, pest infestations or isdos to
consumer demand for blemish-free produce. Fooddossnues as it enters the marketing system. Miudke
system losses occur in storage due to mold oridedéion, damage in transportation and handlinmalfy, food
discards occur in food preparation and uneaten fiaod plates in restaurants and homes. For mocegrimdtion see:
http://www.ers.usda.gov/Publications/FoodReviewl¥®7/Jan97a.pdf

15 «“gpecific material” refers to the individual mates in a given category. For example, food wastesirt of the
organics category as is lumber in the construaiath demolition debris category. Paper includesrsédiferent
specific materials such as cardboard, office panl, newspaper. For this report, food waste has sigamn
separately, whereas the other specific materialsat.

'® Humboldt County Code: Title 5, Division 2 (Solidaate), Section 521-4c. The code states that piliteszaste
from commercial entities should be collected twaceeek, and putrescible waste from residentiatieatshould be
collected at least once a week. The purpose otthds is to prevent the propagation of diseasev&atuisances,
and pests.
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For this feasibility study, the quantity of localoid waste available for diversion was estimated
using the following sources:

* Source Reduction and Recycling Elemgr92) County-wide waste characterization
commissioned by Humboldt County

* California Department of Resources Recycling andoRRery (CalRecycle) waste stream
profiles (2004). Available from CalRecycle website:
http://www.calrecycle.ca.gov/Profiles/

* U.S. Environmental Protection Agency (US EPA) Mupet Solid Waste Generation,
Recycling, and Disposal in the United States: FantsFigures for 200{2008).
Waste stream characterizations accessed via: wavgeposw

» Oregon Statewide Waste Compositi@d05/06). Oregon Department of
Environmental Quality. Available at:
http://www.deq.state.or.us/lg/sw/disposal/2005stihy

* 2008 Alameda County Waste Characterization StWdyste characterizations
performed by RW Beck for Alameda County Waste M@amagnt. Accessed via:
(http://stopwaste.ory/

» Oregon Solid Waste Composition 2005/06 Marion Cep@upplemen{2007).
Oregon Department of Environmental Quality — thasvan additional waste
characterization funded by Marion County to obtaimore detailed waste
characterization which could then be compared edSttate-wide characterization.
Available at:_http://www.deq.state.or.us/lg/sw/displ/2005study.htm




The percent of food waste in the waste stream tegday these studies can be seen in Table 2.1.
Food waste is reported to make up 10.5% to 20.58beofotal disposed waste stream, and
14.9% to 26.1% of the commercial waste stream, awdrages of 15.8% and 18%, respectively.

Table 2.1 Reference waste characterization studies

0
% Food Waste A) Fooq
. I Waste in
Source: Year in Disposed C . Scale
ommercial
Waste Stream
Sector
Humboldt County SRRE 1992 N/A 18.6% County-wide
CalRecycle: Humboldt 1999 N/A 17.2% County-wide
CalRecycle 2004 14.6% 18.8% State wide
CalRecycle: Humboldt 2004 N/A 17.2% County-wide
CalRecycle 2008 14.4% 15.2% State-wide
US EPA 2007 18.2% N/A Nation-wide
Alameda County 1995 10.5% 14.9% County-wide
Alameda County 2000 11.9% 16.2% County-wide
Alameda County 2008 18.7% 26.1% County-wide
Oregon Statewide 2005/2006 15.7% N/A State-wide
Marion County 1998 15.3% N/A County-wide
Marion County 2002 17.7% N/A County-wide
Marion County 2005 20.5% N/A County-wide
Average 15.8% 18.0%

The focus of this feasibility study is the food weadisposed by the commercial sector. It
is assumed that the project will have a higherllet/itial impact if food waste is collected
from the commercial sector first, as this woulduieg the fewest pick-up locations for the local
franchise haulers for a given quantity of food waS3table 2.2 shows the estimated quantity of
food waste available for diversion using the averagues from the waste characterizations
cited. Note that the Humboldt County waste charazgon study and the CalRecycle estimates
for Humboldt County both yield higher levels of tbwaste in the commercial sector than the
average values.

Although the Humboldt County waste characterizaisoPO years old, there has been
little change in terms of food waste diversionhe County. The only notable forms of food
waste diversion in the County are the collectiopra-consumer food waste by food banks and
pig farms, the City of Arcata’s subsidy on a linditeumber of home compost bins, and voluntary
food scrap composting by some Arcata restaurabtierwise, the majority of County’s food



waste management strategy has remained unchangedbidfill disposal}’ Therefore, the
guantity of food waste in the disposed waste strelaown in Table 2.2 is considered to be
conservative.

Table 2.2 Quantity of food waste available foreasion

% Diversion
Solid Waste (tons / Year) Food Waste (tons / Year) | Humboldt
County'®
Jurisdiction Average In Disposed | In Commercial| Commercial
(2003-2008Y’ Waste Wasté® Food Waste
Arcata 11,454 1,807 1,347 1.3%
Blue Lake 991 156 116 0.1%
Eureka 34,891 5,503 4,102 4.0%
Ferndale 1,117 176 131 0.1%
Fortuna 9,449 1,490 1,111 1.1%
Rio Dell 1,640 259 193 0.2%
Trinidad 502 79 59 0.1%
Unincorporated 41,799 6,593 4,914 4.8%
TOTAL 101,843 16,064 11,973 11.8%

2.2 Food waste Characteristics

Nationally, food waste is the largest single comgrarof the waste stream by weight.
This is due to the high moisture content (70-80%his waste. The majority of the food waste
is landfilled where it decomposes under anaeraibségnce of oxygen) conditions creating
methane and carbon dioxide — a mixture known agasioThe EPA states that methane from
landfills accounts for 34% of all national methameissions (US EPA, 2006b). Reducing food
waste in the landfills is therefore an importaepstowards reducing greenhouse gas emissions
associated with waste management.

" The Humboldt County waste characterization wasrissioned in order to identify the waste diversitrategies
that could be implemented to reach the 50% divarsiandate (CA AB 939). The first changes made were
remove ash going to the landfills and apply itadcdl soils. This was followed by establishing ttidial recycling
(paper, plastic, glass, metals) and establishigiggan waste composting facility. Food waste andtrantion and
demolition debris are the next largest remainingipos of the disposed waste stream.

18 The diversion percentages listed below are basgHeoverall waste stream for Humboldt County, they do
not represent the diversion potential from eaclsgliction.

1% Five year average waste disposal in Humboldt Gowass calculated using data from HWMA records.

% This calculation assumes 64% of Humboldt Countyéste is commercial waste, the remainder beingeesial
waste. This estimate comes from CIWMB waste strpagfiles for Humboldt County which is based on 1%8&te-
wide estimates (http://www.ciwmb.ca.gov/Profilesity/CoProfilel.asp
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Because of its high moisture content, decomposind breaks down very quickly and
leaches metals and other substances into solatieating a toxic slurry known as leach&te.
Leachate can contaminate nearby water sourceseguades monitoring and collection.
Decomposing food waste in landfills also createtharee and volatile organic compounds.
Methane (CH) is a combustible gas which is the primary couostit in natural gas (used in
households for heating and cooking) and is expéahb% to 15% in air (Tchobanoglous,
2002). Volatile organic compounds are carbon-basédtances that are easily vaporized under
normal atmospheric pressures, and are often toxifaodorous. The combination of methane
and volatile organic compound emissions presentsraquality risk as well as a safety hazard.
Mitigating these air and water quality problemsaisexpensive, long term waste management
issue associated with landfills.

Food waste has a high energy content which caminected into methane under
anaerobic conditions. The source of this methati@eisnicrobial decomposition of the volatile
solids in the food waste. Food waste and otherrocgaastes are comprised of a solids
component (total solids) and water. The total sotidntent of the food waste (i.e., the solids that
remain when all water has been removed) is madw fiped solids and volatile solids. The
fixed solids are not easily decomposed and willaiennelatively unchanged throughout the
anaerobic digestion process. The volatile solidsgmnent is the portion of the waste that is
easily decomposable. A consortium of anaerobicaniganisms decomposes the volatile solids
and converts them into biogas (methane and carioxidd). Food waste contains 20% to 30%
total solids of which 85-90% are volatile solidhieEe characteristics as well as the density and
energy content of the biogas derived from food wasahn be seen in Table 2.3.

2 | eachate is a liquid that is formed when watecplkates through solid waste and extracts dissavestispended
components from the decomposing waste. The quasftigachate formed is directly related to the antaf water
entering a landfill either from external sourcesr{fall), and/or from the water content of the vesisself. Leachate
formed from rainwater dissolves organic compoumnds $olution. Leachate formed from organic wasteh as
food waste decomposing anaerobically in the lahddfitms an acidic solution which can dissolve gemic
compounds (heavy metals) into solution (Tchobanagyl@002).

9



Table 2.3 Typical Food waste characteristics

Characteristic Quantity unit
Moisture content 70 - 80 %
Total solids (TS) 20 - 30 %
Volatile solids (VS) as % of TS 85-90 %
Density 2,000 Ibs/yd
Density (metric) 1,187 kg/fn
Average ft biogas per wet ton (STP) 4,291 3/tion
Average m biogas per wet Metric Ton (STP) 134 *tonne
Energy content of biogas 19 - 26 M3/m
Energy content of food waste / Ton 2,616,000 BTi/to
Energy content of food waste / Metric Ton 2,760 toldne

2.3 Greenhouse Gas Emissions from Waste Managem

Changing the local waste management strategy caift ie continuous reductions in
greenhouse gas emissions. Humboldt County no |dmagan active landfill, and, as a result, the
County’s solid waste is transported an average30frBiles round trip to landfills in Anderson,
California, and Medford, Oregon as shown in Figile (HWMA, 2009). Long distance waste
hauling results in diesel fuel consumption whicteets the cost of local waste disposal (due to
the price fluctuations of crude oil) as well as timg 0.90 metric tons of carbon dioxide
(MTCO,) per trip to the landfilf? Using the average annual waste tonnage for Hurhadnty
over the last five years, the greenhouse gas emssissociated with long distance waste
hauling is 4,484 MTC®per year. Placing this waste in landfills produceshane, a greenhouse
gas that has 25 times the climate forcing potenfi&O,, adding to the carbon footprint of
Humboldt County’s waste management approach (Foestd, 2007).An opportunity exists to
find a better waste management strategy that @slllt in lower GHG emissions from both
landfills and waste hauling.

Diverting food waste from the landfills and managihlocally is one strategy for
reducing the GHG emissions associated with wasteagement. Greenhouse gases trap heat in
our atmosphere, effectively warming the planet @mahging the climate. The observed effects
of climate change are rising global land and odearperatures, rising sea levels, decreased
snow pack, and increased severity of storm evéAG{, 2007). The likely results from the
change in climate on natural systems are incredisedyht, flooding, fires, as well as a loss of
biodiversity (IPCC, 2007). Projected impacts to lamnsociety as a result of these changes are
reduced reliable access to fresh water, changa®pmproduction reliability, displaced coastal

%2 Thjs calculation is based on the average roupddistance to the landfills 374 miles), the fuiiceency of the
waste hauling trucks (4.3 mpg), and the quantit¢©f emitted per gallon diesel fuel combusted (22.380k,/
gal. diesel).
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communities, and increased morbidity and mortaléysed by floods, fires, drought, heat waves
and shifts in vector-borne diseases (IPCC, 2007).

According to the US EPA 2006 inventory of greenleogas emissions in the United
States, waste management activifleenerate 2.3% of total U.S. greenhouse gas emis§its
EPA, 2009b). The Intergovernmental Panel on Clinttange reports that the waste séttor
accounts for <5% of global greenhouse gas emisgi®mgner, J. et al., 2007). Greenhouse gas
emissions associated with waste management inclarti®n dioxide (Cg), methane (Ck), and
nitrous oxide (MO). Landfills produce the majority of these GHG ssimns. Landfill gas
emissions are derived from organic waste, sucb@s &nd green waste, breaking down in
landfills under anaerobic conditions. Additionaliszes of GHG emissions associated with
landfilling are the combustion of fossil fuels hrettrucks and equipment used to move solid
waste.

Food scraps decomposing in landfills are a leadigce of anthropogenic methane
emissions. Most other landfilled materials do mmtdbute to landfill gas generation as they
either degrade very slowly, or are not composechdion (US EPA, 2009b). Over half (54%) of
the solid waste generated in the United Statesjoded in landfill€> Of this disposed portion,
18.5% is food scraps. Only a small portion (2.6#d).S. food waste is diverted away from
landfills annually (US EPA, 2008b).

Food waste is the most highly putrescible portibthe waste stream. When placed in
landfills, aerobic bacteria initially decomposed thiaste forming C®and heat. Once the
aerobic organisms have consumed the available oxyigey die off and are replaced by
anaerobic bacteria that continue to decompose #s¢ewn the oxygen-free environment.
Anaerobic decomposition of organic waste resuliddcomposed (or stabilized) waste and
biogas, which typically consists of 50% ¢&hd 50% C@by volume (US EPA, 2009b).

The CQ emitted from the decomposition of putrescible malgis considered to be
“carbon neutral” and is not counted as a greenhgaseThis is because it is a part of the natural
cycle of plant matter taking up carbon dioxide frdma atmosphere for growth, and then
releasing the same amount of carbon dioxide dwewpmposition. Conversely, the methane
generated at landfills is considered to be an aptigenic GHG as it is not a part of the natural
carbon cycle, and would not be formed if not fontan activities — namely landfilling organic
waste. The methane (GHemitted from landfilling accounts for 23% of &llS. methane
emissions and is the largest source of anthropogeathane emissions after “enteric
fermentation” — or methane released from cows (B8 ,E22009b). The amount of methane
created depends on the quantity and moisture coot¢ne waste and the design and
management practices at the site.

% |n the EPA measurement, the waste sector incliashesills, waste water treatment, and composting.

24 |n the IPCC measurement, the waste sector inclasekills, waste water treatment, and waste ineitien.

% The remaining portion of the solid waste generiiettie U.S. is recycled (33.4%) and incineratedambusted
(12.6%).
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A study of emissions based on the decompositi@rgdnic matter in laboratory landfills
found that approximately 42% of the initial carbzontent® in food scraps becomes methane in
landfills. The amount of stored carbon was founté¢o-16%, with the remaining carbon
released as CBarlaz, 1997). Based on these results, researestéimate methane emissions
from landfilling organic waste to be between 0.446l 1.44 MTCE (metric tons carbon
equivalent) per wet ton of food waste (Barlaz, 2®dwn 2007). The Chicago Climate
Exchange Offset Project Protocol for Avoided Entdasifrom Organic Waste Disposal reports a
value of 0.794 metric tons carbon dioxide equive(®&TCO.e) or, 0.214 MTCE per ton of food
waste diverted from landfills (CCX, 2009). The Céitea Action Registry’s Organic Waste
Digestion Project Protocol calculates a more comgire value of 0.308 to 0.692 MTGE'’ or
0.075 to 0.169 MTCE, per ton of food waste diveftedh landfills. This wide range of values
indicates that there exists a research gap withrdsgo actual landfill methane emissions.

Over the last 17 years, methane emissions fronfilenchve decreased by 10% due to
an increase in landfill gas collection and comharstiThis has offset the rise in landfill methane
generation resulting from the increasing wasteastrassociated with population growth (US
EPA, 2008b). However, the rate of increased gdeaan and combustion is slowing down and
no longer exceeds the rate of increasing land#thane emissions (US EPA, 2008b). In other
words, unless methane producing waste (organiceyestiverted from landfills, this source of
greenhouse gas emissions will continue to grow.

Factors which determine the quantity of methanessimins from landfills are
decomposition rates of organic waste (climate ddeet) and the installation and efficiency of
landfill gas capture systems. The US EPA OfficdmfQuality, Planning and Standards has
issued requirements for emissions mitigation froomioipal solid waste landfills. Under these
emissions guidelines, landfills constructed af@®1l that are larger than 2.5 million cubic
meters are required to install gas collection syst@JS EPA, 1999). Gas collection systems
must be installed within five years for active sdlireas of compacted trash), and two years for
closed cells (US EPA, 1999). Typically, food waist¢he landfills is anaerobically broken down
within 90 to 120 days, and as such, the majoritthefmethane formed from this particular waste
is released to the atmosphere before the gas tioliexystems are in plaé.

% Food waste contains approximately 46% carbon oty avdight basis (Zhang, 2007).

%" The range of emissions reflects the decay ratkeofood waste in temperate dry and temperate liveates
respectively.

% Although some wastes such as food waste and cardidecompose relatively quickly, landfill gas dooes to
evolve for decades (up to 50 years). The reasdrahdfill gas is continuously generated over I@egiods of time
is that individual organic components in landfdiscompose at different rates. For example, ruldeather, and
woody biomass decompose at a slower rate thanviaste (3 months to 2 years) contributing to therale
methane generation over longer period of time (y&4ys). Additional factors that dictate the rdtéaadfill gas
generation are the level of waste compaction andtome content in the landfill. Drier landfill cotins, i.e
landfills containing less than optimal moisture e levels (45 — 60%), will have an overall slowete of organic
waste decomposition (Tchobanoglous, 2002).
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There is also uncertainty regarding the efficieatgas collection systems. The US EPA
cites an average 75% efficiency of gas collectigsteams®® but many researchers and industry
professionals cite a lower capture rate (Bognat.e2007). In the IPCC 2006 Guidelines for
National Greenhouse Gas Inventories the listedfilageds collection efficiencies ranged from
10 to 90% depending on the landfill design, coltatequipment and stage of operations (IPCC,
2006). In contrast, if organic waste is divertec toontained anaerobic digester rather than
placed in a landfill to await gas collection, ngaall of the methane will be captured and
destroyed. This will substantially reduce greenleogess emissions at a relatively low cost and
potentially with an economic benefit. Furthermafenethane from these sources is utilized to
offset fossil fuel use, additional GHG reductioas ®e realized.

The impact of diverting food waste from landfill@ynpotentially be greater than is
currently estimated. There is an ongoing debate #s most appropriate metric for measuring
the true global warming potential of the differgnéenhouse gases (IPCC, 2009). Determining
the most appropriate metric is critical for chogsihe most effective policy measures to mitigate
climate change. One element of the debate is e ltiorizon that is used to compare the impact
of the distinct greenhouse gases. The Kyoto Protgms the metric of 100 year Global
Warming Potentials to describe how different grerrse gases compare to the climate forcing
potential of carbon dioxide. This metric is subjectegular review (IPCC, 2009).

The current method for determining the global wagrpotential of the different
greenhouse gasses is based on the radiative fgrotegtial of CQin the atmosphere over a
chosen time horizon (IPCC, 2007). €0 the most prevalent GHG in the atmosphere, and a
such, the global warming potential of all other GH& based on this reference gas. The time
horizon chosen by the Intergovernmental Panel amaié Change as well as the United Nations
Framework Convention on Climate Change is 100 y&#hat this time frame indicates is the
impact of a single pulse emission of a GHG oved@ ylear time frame. Using this method, and
accounting for indirect effects of methane emittethe atmospheré’ methane is reported to
have 25 times the global warming potential of Qfrster et al., 2007). Comparatively, under a
20 year time horizon, the global warming potendiainethane is 72 times that of carbon dioxide
(Forster et al., 2007).

Considering that humanity may not be able to atiafite most severe rises in
temperature and sea levels, the shorter time honzay prove to be more useful in generating
the policies that will promote GHG stabilizationtla¢ lowest levels possible. The time frame for
mitigating the most severe impacts climate chasgedely believed to be much shorter than
100 years (Barker et al., 2007). Current analysisifthe Intergovernmental Panel on Climate
Change shows that GHG reductions need to be imtesidi@rder to avoid catastrophic climate

% The EPA cites a range of 60 — 85% gas collectficiency for landfills regulated under the Cleair Act (40
CFR part 60) New Source Performance Standards @RFSIEBMOP, 2010).

30 Methane emissions in the atmosphere have indiféatts such as causing changes in the tropospbesite and
enhanced stratospheric water vapor levels. Asudtrélse global warming potential of GHias increased from 23 in
the Third Assessment Report (IPCC) to 25 over ayEa0 time horizon (Forster et al., 2007).
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change (IPCC, 2007). Reducing GHG emissions iméxt few decades is critical to minimizing
the cumulative impacts of climate change as welhasasing the capacity for all species to
adapt to the impacts of climate change that doro@arker et al., 2007). According to the IPCC
Fourth Assessment Report,

“Over the next 20 years or so, even the most agiyeslimate policy can do
little to avoid warming already ‘loaded’ into thincate system. The benefits of
avoided climate change will only accrue beyond timaé. Over longer time
frames, beyond the next few decades, mitigatiorstments have a greater
potential to avoid climate change damage and ttisrial is larger than the
adaptation options that can currently be envisag@drker et al., 2007).

In other words, setting aggressive GHG emissiodsaton goals to be realized in the
next twenty to thirty years will enable the greatgsances for adaptation and climate
stabilization. Choosing a 20 year time horizon wloethcourage the development of policies
geared to achieve larger reductions in short-li@&tc emissions, and will direct public and
private investment towards technologies that cdumeae these goals. If the IPCC and other
policy makers adopt this metric, the impact of i@dg the methane emissions associated with
waste management would become more valuable.
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CHAPTER 3. TRADITIONAL FOOD WASTE DIVERSION OPT IONS

The focus of this chapter is to evaluate the foadte diversion options in Humboldt
County. The US EPA promotes the following hierarolijood waste diversion options
determined as follows: source reduction, food ®ogle (food banks), food for animals,
industrial use, and composting (US ERBQ6a). The most common method of processing
diverted, post-consumer food waste is compostirmyvéver, due to the potential for generating
renewable energy and minimizing emissions, muniitips. and waste management agencies are
now beginning to look at anaerobic digestion aslternative®* Anaerobic digestion is not
currently represented in this hierarchy, and pathig analysis is dedicated to ascertaining
where this technology should fit in.

It is important to note here that in the waste 8tdy there is a distinction between “pre-
consumer” and “post consumer” food waste. Thigrtition is important as it directly impacts
the potential uses for the waste. Pre-consumerwsi$bod that has not been purchased, served
to, or been touched by consumers. Examples of gmstomer waste are food preparation scraps,
food processing waste, and food that is near tireaéxpiration date. Post-consumer waste
includes food scraps and leftovers generated ateneses, restaurants, and institutions. Post-
consumer waste is typically contaminated with jptassilverware, and other materials. The
removal of these contaminants raises the cost aed)g inputs required to utilize this waste
stream.

This study is focused on dealing with food wastd th not suitable for humans or
animals and is primarily post-consumer waste. Sygad local grocery stores, food banks, and
pig farmers helped to determine the food wasterdioa options already in place. These
facilities were visited by HWMA staff, and the mgeas or owners were asked a series of
guestions that can be seen in Appendices A thr@ughformal telephone survey of California
composting facilities was used to gain an undedstenof the requirements and challenges of
processing food waste. Survey questions and respaas be seen in Appendices D and E. The
results of this research are presented in theosecthat follow.

3.1 Grocery Stores

HWMA staff members surveyed local grocery storeddtermine the disposal methods
for the food waste that is generated onsite. Tokestsurveyed were Costco, Winco Foods,

31 Jurisdictions that are currently developing plemsrganic waste digester facilities include Sase] Marin
County, and Sacramento. San Jose currently hag@eRefor Proposals issued for anaerobic digestidood
waste, while Marin and Sacramento have completasilfdity studies for the same purpose. AdditionaCtedar
Grove composting, a firm that handles all of Podfa food waste, is in the process of selectinggasier
technology to stabilize the food waste before costipg to reduce volatile organic compound emiss{@edar
Grove, 2008 personal communication).

15



Safeway, Murphy’s Market and Eureka Natural Fodde stores produce a large amount of
food waste, the majority of which is already dieekt

All of the stores surveyed have butcher shopspt@tuce meat cuttings in large
guantities. The meat scraps are sold to rendeongpanies or are ground up and sold as ground
beef. Fat cuttings are also sold to rendering camnegeaby all excepting the Murphy’s Markets,
which give these cuttings to pig farmers.

The bakery departments of the stores surveyed peddead, of which some goes
unsold. The bakeries give this bread to various! foanks or to the Eureka Rescue Mission. The
pizza or deli departments of these stores all heft@ver cooked food and uncooked dough.
Many stores have less than fifteen pounds of left®and discard it as garbage. The Murphy’s
Market and Safeway chains give their unsold deddfto various food banks.

3.2 Food Banks

Food banks glean significant amounts of food fraocgry stores as well as from
restaurants that have excess prepared food ahthefehe night. They accept packaged or
ready-to-eat food that is about to expire, as aglbread that goes unsold from bakeries. Food
banks can only accept pre-consumer waste thdtfar fnuman consumption. While all food
banks have expressed the readiness to accept auateldnations, this diversion option can only
absorb a relatively small part of the remainingdfegaste stream.

3.3 Pig Farms

Food from grocery stores and area restaurantsstinat fit for food banks can be
diverted to pig farms; however, there is insuffitieocal capacity on these farms to divert the
magnitude of food waste in the County. Humboldt @glnas two permanent, medium-sized pig
farms and a few small occasional pig farmers. Weegermanent farms are the Sheriff's Work
Alternative Program (SWAP) farm and Harold Davisofarm. They have 38 and 170 pigs
respectively and both operate near Fortuna. The B\WAm accepts three cubic yards of pre-
consumer food waste daily. The Davison farm recetw® cubic yards of food scraps daily,
except in the summer time when it takes in thrd@acyards per day with the inclusion of food
waste from the Ferndale Farmer’s Market. The Dawvfaom primarily accepts pre-consumer
waste. The large pig farms surveyed stated thgtdheat capacity for accepting food waste and
are not looking to expand their operations. Thidus to the limited market for pork in
Humboldt County, as well as the time and efforuiesf to collect and remove the undesirable
components of the pre-consumer food waste (oneppers, and citrus) which pigs don't like.

Four small pig farmers were contacted. These faraecept pre-consumer food waste in

the form of vegetables, fruits and bread. Thesdldaraners are all raising pigs on a temporary
basis for money, food, or as a 4-H project.
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Post-consumer waste is less desirable as a pigdoedo the labor and energy required
to sort out contaminants and heat treat the wastader to protect the pork industry from the
potential stock devastation caused by the spredidm@ign animal diseases” such as foot and
mouth disease, hog cholera, and African swine fdederal lawmakers passed the Swine Health
Protection Act (1980). This law requires anyonelfieg food scraps to pigs to obtain a permit
and heat treat the waste to kill disease-causiggrmsms (Public Law 96-468, 1980). In
California, heat treatment is defined as heatirgjqsonsumer waste to 212° F for two hours,
with agitation “to heat throughout” (CDFA, 2009hi$ pre-treatment adds considerable cost to
the otherwise free pig food.

3.4 Compost

Compost is the humus-like product resulting from ¢ontrolled biological
decomposition of organic material. Properly comedshaterial is sanitized through the
generation of heat and stabilized to the point ithatbeneficial to plant growth (USCC, 2008).
Composting is the most common form of large sca-ponsumer food waste diversion.
Finished compost makes a valuable soil amendmedtwhaen mixed into the soil promotes a
proper balance between air and water in the saljces erosion, provides a slow-release
fertilizer to nourish plants, and can be used teremediate contaminated soils (USCC, 2008).
Finished compost can also be used as a bio-fdteodor and emissions control.

Composting is the aerobic decomposition of orgamatter. During composting,
microorganisms use organic matter (carbon) as eceai energy and food. The microorganisms
convert the easily decomposable carbon into moceaiial cells and, as a result of their growth
and activity, produce carbon dioxide, heat, watgror, and a nutrient rich humic material
(compost). Through this process, complex molecsilies as carbohydrates, fats, and proteins
are broken down to release nutrients and energys ctin be seen in the general chemical
equation for the aerobic decomposition of glucose:

C,H,,0, +60, = 6CO, +6H,0 + heat

Compost microorganisms require a balance of canmhitnogen, water and oxygen to
survive. Additional factors affecting the microbelvironment are temperature, pH, and the
absence of toxic materials that may inhibit theovgth (US EPA, 1995). Compost piles need to
be monitored and managed in order to maintain gdtaonditions for the efficient microbial
decomposition of organic waste. Figure 3.1 showgdneral steps necessary for municipal
scale composting of food waste.
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Figure 3.1 Flow diagram of the composting proc&se. black, solid lines represent the flow of
the organic materials such as woody biomass, yasieyand food waste. The orange
dashed lines represent waste products that refyuitheer treatment or disposal.

The municipal-scale composting process includesalf@ving steps:

* Receiving Incoming material is inspected for contaminatidigh levels of
contamination can reduce the value of the finist@dpost and limit the
marketability of the stabilized product (US EPA9%E).

» Shredding/grinding: The material is shredded to reduce particle $tagticle size is
important for rapid microbial decomposition of timaterial. Particles need to be both
small enough to optimize decompositiSryet large enough to maintain spaces for
oxygen to circulate (US EPA, 1995).

32 Smalller particles have a higher surface-area tghweatio which increases the amount of food alié to the
microorganisms.
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Mixing : Shredded materials need to be blended to achiewptimal carbon to
nitrogen ratio (C:N) and moisture content for agca®composition. A C:N ratio of
30:1 is ideal (US EPA, 1998.Optimal moisture content is 50 — 60% of total virtig
(US EPA, 1995%* Composting food waste requires a bulking agert sisovood
chips or woody biomass to balance out the C:N r@tih absorb some of the moisture
to provide air spaces to maintain aerobic condstion

Loading: The mixed material is placed into windrows or es$or processing.
Front-end loaders or bag loaders are used to n@vehredded material.

Processing:Processing involves aerating the piles and momnigothhe temperature
and moisture content. Aeration can be accomplislyedechanically turning the
compost piles with front-end loaders, specializedihg equipment, or by forcing air
into piles via pipes and blowers. Aeration is usedvenly distribute oxygen,
nutrients, and moisture throughout the compossp#Aeration can also be used to
control the temperature and monitor the particde ¢decomposition) and maturity of
the compost (US EPA, 1995). Compost operators mositor the temperature and
moisture content to ensure uniform decompositidre ileal temperatures range
from 32° — 70° C (90° - 160° F) (USCC, 2009).h# pile gets too hot, thermal
destruction of the microorganisms will occur; iéthile is too cold, the metabolism of
the microorganisms is adversely affected. Additilyna pile that is too hot can
present a fire hazard. Water content is monitooeghsure a proper environment for
microbial activity as well as mitigate the riskfog.

Aerating the piles during the active compostinggghimcreases the pile temperature.
The active composting phase can range from segiayal to several weeks depending
on turning frequency, aeration and ambient tempegat(US EPA, 1995). During the
active processing phase of composting, temperatueegsually in the thermophilic
range (over 40 ° C or 105 ° F) and the pile volisrsibstantially reduced. This high
temperature is a direct result of the microbiaivétgt and results in sanitizing the
compost by Killing pathogens and sterilizing weedds (US EPA, 1995).
Additionally, the California Code of RegulationsGR) requires compost facilities to
adhere to a process of pathogen destruction. Dtinisgeriod the mechanically
turned material mush be brought to 55°C (131°F)Lfodays and turned at least five
times (CCR Title 14). Forced aeration systems rics®d compost systems must
reach and maintain temperatures above 55°C feaat three consecutive days (CCR
Title 14).

Curing: Once the microorganisms have consumed and stabitimst of the easily
decomposable carbon, the temperature drops indicttat the curing phase has

%3 Too much carbon in a compost mix will retard tleea@mposition process, too little can result in sdat.S. EPA,

3 Moisture is essential for microbial growth, bo tmuch water can result in leachate formationjrigediment
of oxygen transfer, odors, and anaerobic pocketisarwaste (U.S. EPA, 1995).
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begun. The curing phase can last for several wieegix months (US EPA, 1995).
During this phase, the final decomposition anddgalal stabilization takes place.
Turning is not required during this phase; howeitas, important to continue to
maintain aerobic conditions and appropriate mogstantent. The curing phase is
important as unfinished compost can deprive robtsxggen and subject the plants to
heat that can retard their growth.

» Screening:Screening can be done before or after the curioggss. The compost is
screened to remove residual chunks of woody biormasgell as non-compostable
elements. The large woody biomass is returnedeadbeiving pile, and the non-
compostable materials are landfilled.

» Storage and/or bagging:Composting facilities either sell the compost direfrom
their site, or bag the compost for sale at markets.

There are three main types of compost systemsedumnindrows, aerated static piles, and
in-vessel systems. Windrows are long rows of seddrganic material (e.g., food scraps, grass
clippings, and woody biomass) that are turned @atpuby either manual or mechanical means.
These piles are usually four to eight feet tall &ddo 16 feet wide (US EPA, 2010). These
dimensions are ideal for maintaining sterilizatiemperatures and for allowing oxygen to
penetrate to the center of the piles. This compgstiethod can accommodate large quantities of
organic materials, but it cannot accommodate largeunts of meat, grease, or liquid wastes
without frequent turning and careful temperaturd amisture control (US EPA, 2010). In arid
climates, windrow piles may need to be coverecttiuce evaporation. In moist climates,
windrow piles may need to be covered in order Bvent leachate formation and maintain stable
moisture content in the piles (US EPA, 2010). Tdméndrow compost piles can be a source for
odors and dust, and usually require large tractaraf (US EPA, 2010).

Aerated static piles are large piles of materiat tire not placed in long rows and are not
turned. Aerobic static piles can be passively aeraly incorporating loosely piled bulking
material (such as woodchips) or by placing thespileer a network of perforated pipes to draw
air into the piles. This method works well for larguantities of homogenous materials, but is
not suitable for animal wastes, grease, or liquadtes (US EPA, 2010). Aerobic static pile
composting requires three to six months for watsthilization and may result in increased
odors, volatile organic compounds, and/or GHG eionss

In-vessel systems consist of an enclosure complstetounding the compost and forced
aeration. The vessels can be a large drum, siterete trenches, long tubular bags, or
membrane covers. The key composting conditionspésature, aeration and moisture) are
closely monitored and controlled when using in-eésgstems. In-vessel systems can compost
large quantities of waste in less space than tuwiedrows and can process nearly any type of
organic waste. In-vessel systems produce verg lidlor or leachate as the system is completely
enclosed and controlled. A curing phase lastingsdweeks is still required once the material
is removed from the vessel system.
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Diverting organic “waste” away from landfills to mgost facilities is essential for
maintaining long-term soil fertility. Recycling nmignts from decaying matter “helps ensure the
stability of natural systems over time by linkifngetprocesses of synthesis (build-up) and
degradation (breakdown) in natural systems” (CayRlec 2010b). Composting organic waste
can help societies avoid the environmental impattccumulating nutrients where they are not
needed, and at the same time reverse the deptdtiastrient resources in the soils where they
are needed. The following section describes cordidas for composting food waste diverted
from landfills.

3.5 Composting Food Waste

Composting is the most common form of large-scadel fwaste diversion. HWMA staff
conducted a survey of the food waste compost fslin California. The majority of these
facilities are located far from population cent@vhere the waste is generated) in order to access
inexpensive, large tracts of land, as well as fiMBIlY * and odor issues associated with
processing food waste. The majority of the foodte@®mposting facilities surveyed utilize a
windrow composting process on compacted earthemdfmtions. Composting facilities which do
not use windrows use in-vessel systems in the furbiag systems made of either plastic or
Gore-Tex.

Municipalities have historically viewed windrow cpusting as the cheapest and lowest-
risk option for large-scale food waste diversiohisIdiversion paradigm appears to be changing
with implementation of more stringent air qualiggulations in California. As of 2003, the
South Coast Air Quality Management District passge 1133.2 that requires all co-
composting® operations to develop a plan to reduce emissibasmnonia and Volatile Organic
Compounds (VOCs) by 80% (SCAQMD 1133.2, 2003). IRAQMD issued this rule as part
of an effort to reduce the total amount of VOCshia district air basin. VOCs are an air quality
issue because they are a precursor to smog formatie the main source of objectionable odors,
and are often toxic.

In 2007, CalRecycle measured VOC emissions frompastithat contained green waste
and a combination of both green waste and foogsciEhe results of this research indicate that
adding food waste to green waste results in high@times) VOC emissions than composting
green waste alone (CIWMB, 2007). Additionally, thea showed a significant spike in
emissions during turning events. Compliance with thle will require that all food waste
composting will have to be enclosed or covered Vaifer of finished compo$tto control

% NIMBY stands for “Not in My Backyard” and describepposition by residents to new proposals or agweént
close to where they live.

% Co-composting is the composting of two or moreariats with different characteristics (e.g., foodste and
green waste)

%" The CIWMB study investigated effective emissiorenagement practices and found that a cover layer of
finished compost one foot thick significantly reddaeemissions and increased the level of wasteligatinn. The
authors posited that the efficacy of this methaithésresult of the large populations of aerobicrodcganisms
(present in the finished compost bio-filter) bemixed into the compost pile during turning.
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emissions. The cost of open air composting wilsigmificantly increased using either of these
emissions control measures.

Currently, research is underway to quantify thegneenhouse gas emissions impact of
diverting organic waste from landfills to compostiiacilities (Brown et al., 2008; CIWMB,
2008). Emissions reductions can include not ongyatoidance of methane produced at landfills,
but also the reduced emissions from fossil fueéius produce synthetic fertilizers and to pump
water. Although significant GHG emissions reducsi@an be achieved when organic waste is
diverted to composting, recent research indicdteptesence of fugitive greenhouse gas
emissions from the composting process. Researtiand emissions of methane (QHnd
nitrous oxide (MO) were released from compost piles due to anaeeotd semi-anaerobic
zones in the piles (Fukumoto, 2003; He, 2000; Hob&605; Smet, 1999). Under the IPCC
default (Tier 1) methodology for greenhouse gagaeting, estimates of GHand NO
emissions are 0.03 - 8g Gihd 0.06 - 6g BD per kg of waste composted (IPCC, 2006). The
variability of waste composition and operating paegers is cited as the basis of this uncertainty.
This wide range of values highlights the need fititonal measurements of these emissions in
order to assess the true GHG reduction potentitgdisimethod of organic waste diversion.

Regardless of the uncertainty, the avoided metkarissions achieved by diverting this
waste from the landfills far outweighs the emissmpacts of composting operations (Brown,
2008). As mentioned earlier, organic waste in ldisdfreates methane — a greenhouse gas with
25 times the global warming potential of €@ hen this same waste is composted, the primary
end products are G@nd heat. This CQs not considered to be a GHG as it is part ofnidueiral
carbon cycle (i.e., the same carbon dioxide the¢lesased was taken up from the atmosphere
during plant growth and is part of the natural eyclThe CQ emissions from the equipment
used in the composting process are considered antheopogenic greenhouse gasses
(contributing to climate change) as they would exist in the natural carbon cycle.

Challenges associated with large-scale food wastgosting include: large land area
required for processing, odors, and leachate foomaln Humboldt County, there are additional
challenges. First, there is limited availabilityfat land suitable for composting. Second, the
high levels of annual rainfall would require a cmagkfacility in order to maintain optimal
processing temperature profiles. Finally, and pgshraost significantly, there is a limited
amount of green waste with which to compost foodteiaHumboldt County is unusual in that it
has three operating biomass power generating plahése plants were built when the lumber
industry was thriving, and are now hungry for fughese plants operate on wood waste from the
local lumber industry and transfer station as wslivood chips from out of the County that are
trucked and barged in. While these plants provith 4f Humboldt County’s electrical power
supply, they also absorb much of the green wasigadle for composting (RCEA, 2005). The
HWMA Mad River Composting Facility processes 5,0800s per year of green waste (HWMA,
2009). Composting the regional food waste withekisting green waste supply would require at
least twice as much green waste as is currentbridisl to the composting facility. Additionally,
odors from food waste composting would make sikecsen difficult. For these reasons,
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anaerobic digestion was analyzed as an alternttigemposting. The next chapter describes the
anaerobic digestion process and considerationsngl®m anaerobically digesting food waste.
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CHAPTER 4. ANAEROBIC DIGESTION

Anaerobic Digestion is the decomposition of organatter by microorganisms in an
oxygen-free (anaerobic) environment. Anaerobic stige is a natural process occurring in
landfills, swamps, lagoons, oil fields and in thgestive systems of humans, cows and termites.
Anaerobic bacteria cultures can be found in mudgeustill water, in fresh manure or excrement,
under an unturned compost pile, or any place wbeganic matter has been sitting unexposed to
air (House, 2006).

Anaerobic digesters are air-tight containers. Tlwesgainers can be in the form of a
covered lagoon, vertical cylinders or horizontalks®and bladders. Digester system components
typically consist of pumps, a mixing and heatingteyn, and a gas collection system. In the
United States, anaerobic digestion is most commemlgloyed at wastewater treatment plants to
reduce and stabilize municipal wastewater sludgeh Bhe Arcata and Eureka wastewater
treatment plants use digesters as part of theitemader treatment operations. Digesters are also
utilized to treat animal waste at dairies and pigrfs. In the US alone, the EPA reports 111 farm
digesters in operation as of 2007 (US EPA, 2006udéhold-scale digesters have been
employed for decades in the rural areas of Chinldalia for treating animal waste and
producing biogas (CIWMB, 2008a). The biogas is ys@aharily for heating and cooking
purposes.

Anaerobic digestion and composting processes anigasiin that they both reduce and
stabilize organic matter producing a valuable aosiendment. The two processes differ in terms
of the energy products of the microbial waste cosiea activity. When organic material is
aerobically composted, the pile temperature isnoft@°C (160°F) during the most active period.
The energy released from the decomposition of acgaatter escapes to the atmosphere in the
form of heat, and the result is a stabilized, pggmefree soil amendment. When similar organic
materials are anaerobically digested, no appreeiabat is produced, and much of the energy is
locked up molecularly as methane (in biogas).

Biogas from anaerobic digesters typically con$ts60% methane, ~40% carbon
dioxide®® and trace amounts (<1%) of water, ammonia{Rftand hydrogen sulfide ¢$)*°
Water and HS are generally removed in a gas treatment stepéotife biogas is utilized. The

% Biogas from anaerobic digesters contains more anetlthan biogas generated from landfills. Thiduis to the
contained nature of the digester. Because ther&@ains in the digester (versus escaping to thesihere), a
portion will be combined with the hydrogen, thaglso produced, to form additional methane (CIWMB&a).

39 Ammonia can act as a process inhibitor if produinguigh concentrations; in lower concentrationsrania can
act as a buffer to help correct an acidic conditiothe digester (House 1991).

0 Hydrogersulfide is a combustible gas, and in combinatiotihwiater vapor forms a corrosive vapor of sulfuric
acid.
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biogas can be used for direct heafthgenerating electricit{? or as a vehicle fuéf Biogas can
also be purified and injected into the utility pipe gas grid™*

The other end products of the digestion procesthareemaining liquid (digestate) and
the residual solids. The liquid portion digesteda be separated from the solids through gravity
separation (settling), gravity belt thickeners,idgybeds, or other drying processes. Organic
waste digester systems that do not include waséewraiatment plant sludge produce a digestate
that can be used as a liquid fertilizer. Furtheenée residual solids from these “stand al6he”
systems can be co-composted with green waste tlupeca nutrient-rich soil amendment.

4.1  Anaerobic Digestion Process

The anaerobic digestion process is shown grapiiicafigure 4.1. The rate of anaerobic
digestion is directly tied to the temperature @& thgester. Digestion occurs at three main
temperature ranges from cold or psychrophilic,425°C (59° - 77°F), warm or mesophilic,
25° — 45°C (77°-113°F), and hot or thermophilic; 4%5°C (113°-157°F) (House, 2006). The
digestion time for each of these temperature rarrgspectively, is 90 to 100 days
(psychrophilic), 25-35 days (mesophilic), and 10e®ys at thermophilic temperatures. The
majority of digesters in use today are operatadegophilic temperatures where the
microorganisms are more robust and better ableléoatte small fluctuations in environmental
conditions. Although operators can achieve a fafitgstion rate and increased pathogen
destruction at thermophilic temperatures, the nuigganisms that thrive at higher temperatures
are more sensitive to toxins, changes in tempexaphl, and feedstock (House, 2006).

1 Examples of direct heating include space, wated,industrial process heating.

“2 Electricity can be generated from biogas via aerital combustion engine, a micro-turbine, or dktgmperature
fuel cell.

“3 Biogas can be purified and compressed to fuehapcessed natural gas vehicle.

4 pacific Gas & Electric, the local utility providdras only recently (as of 2008) begun to accepy deaste
biogas into the natural gas pipeline network
(http://www.pge.com/about/news/mediarelations/nedesrses/ql 2008/080304.shtnwhile cleaning and
injecting biogas into the grid is technically fdasi PG&E has yet to establish a policy for aceepfood waste
derived biogas into their network.

“> Stand alone refers to organic waste digestionragpfrom municipal sludge digestion. When orgavéste is
digested with municipal sludge, the process is ickemed “co-digestion.”

25



Complex organic matter
carbohydrates, proteins, fats$

1. Hydrolysis @

2. Fermentation :
ermentatio Soluble organic molecules

3. Acetogenesis sugars, amino acids, fatty acids
4. Methanogenesis /]2\
Volatile
fatty acids

\ 4 v
Acetic acid H,, CO

CH4 + CO,

Figure 4.1 Anaerobic digestion of organic mateetapted from: U.S. Environmental
Protection Agency Region 9 Waste Progra@rganics: Anaerobic Digestion Science
(2008).

The anaerobic digestion process can be broken éaithe following step$®

1.Hydrolysis Long chain organic molecules are broken into smaholecules via extra-cellular
enzymes released by fermentative bacteria. Thesgras are substrate-specific, and
therefore different wastes will have different hglgsis rates. In this phase, fats are
converted to fatty acids, proteins into amino acahel complex carbohydrates such as
polysaccharides and cellulose are converted imiplgei sugars (Metcalf and Eddy, 1991).

2 AcidogenesisThe products (monomers) of the hydrolysis stepimmediately absorbed by
the bacteria known as “acid formers” and are degesd produce volatile fatty acids such as
lactic, butyric, propianoic, and valeric acids. §ktep is also known as fermentation.

“ The chemistry of anaerobic digestion is well doentad in the literature. This description was ag@gitom the
US EPA Region 9 Waste Programs webpage t@lisghnics: The Anaerobic Digestion Science (2009), a report
titted Current Anaerobic Digestion Technologies Used for Treatment of Municipal Solid Waste commissioned by
the CIWMB (2008a), and The Biogas Handbook by Da¥idise (2006).
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3.Acetogenesisin this step, bacteria consume the volatile fattigls to form acetic acid, GO
and hydrogen (k. The acido- and acito-genesis stages are oftesidered one step. These
bacteria prefer a pH of 4.5 to 5.5 (slightly acjdiad are less susceptible to variations in
temperature, pH, loading rate and feedstock.

C,H,,0, + 2H,0 = 2CH,COOH +4H, +2CO,

4 Methanogenesisviethanogenic bacteria consume the acetic acrdgen and some of the
carbon dioxide to form methane. The two main cosieer pathways are acetate conversion
and carbon dioxide reduction by hydrogen. The nitgjof the reactions involve the
conversion of acetate to methane and carbon dioXioke conversion pathways are described
by the following chemical equations:

ACH ,COOH = 4CO, +4CH,,

CO, +4H, = CH, +2H,0

The methanogenic bacteria prefer a pH betweenr@l®B#&, and at a pH of 5.5 the methane
formers are not active (House, 2006). Additionathe methanogenic bacteria are more
susceptible to ups¥tby changes in temperature, feedstock, and loaditeg The metabolic rate
of these bacteria is slower than the metabolicaftbe preceding bacteria and, as such, the
overall loading rate of anaerobic digesters istiahito the metabolic rate of the methanogenic
bacteria.

4.2  Anaerobic Digester Configurations

There are many different types of anaerobic digastystems. The three main variations
include wet vs. dry systems, single phase vs. mulise, and stand alone vs. co-digestion. Wet,
or low solids, digestion refers to processing atevétzat has been diluted with water, and/or has a
total solids content below 10 -15% (i.e., a moistcontent above 85%). Wastewater treatment
plant digesters are examples of wet digestion BysteDry, or high solids, digestion refers to
digester systems where little to no water is adddtie waste, and the total solids concentration
is greater than 15%. Dry digestion is currentlydusetreat solid organic wastes in Europe. Wet
digester systems require pre-treatment to remar olidé® as well as homogenize the waste.
Dry digester systems require purchasing heavy putyps or augers, and, due to the density of
the material, can require inoculation of the incegwwaste with a portion of the residual
digestate. In Europe, dry digestion has become m@walent for organic solid waste digestion
comprising 60% of the installed capacity to datBN®IB, 2008).

“" Digester upset occurs when the methanogenic liactierand stop producing methane, causing theeedtijester
to turn acidic.
“8 Inert solids can damage pumps and mixing equipmemtell as clog pipes in digester systems.
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Single phase digesters consist of one tank thatdwhoth the acid forming and methane
forming bacteria. The loading rate of single phdigesters is limited by the rate at which the
methane formers can metabolize the volatile fattgsaproduced during the rapid hydrolysis and
acidification stage. Multi-phase systems utilize tw more tanks to separate the acid forming
and methane forming stages of digestion. The gioalnoulti-phase system is to achieve a higher
overall organic waste loading rate by allowing thgter initial decomposition of the acid
formers to be separated from the slower metabdischlow pH sensitivity of the methane
formers. Single phase digester systems typicaly l@lower capitol cost than multi phase
systems, and are more commonly used for all typasste digestion systems (CIWMB, 2008).

Finally, anaerobic digestion systems can be distsiged by whether multiple waste
streams are digested together or separately. Tstiaation is especially significant when
organic wastes are digested with municipal wastemsailids. Because wastewater sludge can
contain heavy metals and pharmaceuticals, comiggither wastes with this waste stream can
decrease the value of the residual stabilized ma&t&tand alone systems in this case refer to
systems that digest organic solid waste (includoogl waste and industrial food processing
wastes) in digester vessels that do not acceptaipahiwastewater sludge. Co-digestion refers to
the digestion of two or more distinct waste streamshis case, co-digestion is referring to the
addition of organic solid waste to municipal wasdésv sludge and/or manure digester vessels. It
should be noted here that some “stand alone” ocgaotid waste digester systems may add
manure to the organic waste to help stabilize testion process. The digested residual
resulting from stand alone organic waste digeststesns and/or the mixture of manure and solid
organic waste has a higher market value (and alangrket) than the residual from wastewater
treatment plant co-digestion. The advantage ofigestion is a lower initial capital cost due to
the use of existing equipment.

All of the aforementioned digester designs canperated at either mesophilic or
thermophilic temperature regimes. The followingtgs describes the key considerations
pertaining to the anaerobic digestion of food wastmrdless of the system chosen.

4.3  Anaerobic Digestion of Food Waste

Organic waste feedstocks need to be assessecetonded their suitability for anaerobic
digestion. Some of the factors to consider are:

* Volumes and seasonal variation: Anaerobic microgigyas are sensitive to changes
in feedstock. Changing the feedstock can causevaddbwn in processing time while
microorganism populations suited to metabolizentte waste establish their
populations.

* Total Solids (% TS) and moisture content (MC): Tetaids is a measure of the solid
matter in a substrate when the moisture, or watetent, is taken out (House, 2006).
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» Volatile Solids (% of TS): The portion of the sobdganic material (TS) that is
available for conversion to biogas (House, 2006).

* pH: Substrates with a near neutral pH are ideatligestion. Acidic wastes such as
cheese whey will need to be blended with other nedseor buffered with a base such
as lime (House, 2006).

» Carbon to Nitrogen ratio (C:N): Microorganisms di@ther organisms, have dietary
needs to remain healthy. In general, the ideal 1@thé (mass ratio) is 25-30 for
anaerobic microorganisms (House, 2006).

» Salt content: High salt contents can inhibit thehmarogenic process (House, 2006).

» Decomposition rate: Organic wastes such as fat¢eipis, and carbohydrates all
decompose at different rates. Bench-scale digestiarbe used to test the
digestibility of different waste streams (Zhang020), and is especially important for
heterogeneous wastes.

* Potential issues with stirring or pumping: Sometessire more prone to forming a
“scum” layer that can clog pipes (House, 2006).eDthastes such as oyster shells are
hard on pumps (Grey et al., 2008).

* Contaminants: Contaminants such as plastics analsregtin take up valuable digester
volume, can damage equipment such as pumps (Gedy 2008) and can reduce the
value of the residual soil amendment.

* Pre-processing requirements: Preprocessing com$istsitaminant removal and size
reduction to prepare the food waste for digestitighly contaminated food wastes
require pre-processing to remove inert contaminddres-processing steps can include
visual inspection, contaminant removal, grindingesning, magnets and/or density
separation (CIWMB, 2008a). Increasing the numbegarefprocessing steps reduces
the net enerdY that can be gained from an anaerobic digestioogss

In general, when complex waste streams such asr¢famic fraction of municipal solid

waste or industrial wastes are to be treated thr@umgerobic digestion, laboratory assays and
pilot collection and digestion runs are necessaigetermine many of the above parameters.
The next chapter compares anaerobic digestion amg@sting as methods for food waste
diversion and stabilization.

9 The net energy is the amount of energy generatetiebsystem minus the energy required to opetate i
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CHAPTER 5. COMPARISON OF
COMPOSTING AND ANAEROBIC DIGESTION

Until recently, local decision makers and waste agg@ment agencies have had little
debate about the relative benefits and costs oposting versus anaerobic digestion.
Composting has traditionally been seen as therhasagement practice for diverting municipal-
scale food waste from the landfills. This wasteat is primarily post-consumer, and is
contaminated with plastics, silverware, paper, @gam and other materials. The heterogeneous
nature of post-consumer food waste requires aslmeiprogram that can effectively convert this
waste into useful products. For these reasons, ostimg, and more recently, anaerobic
digestion, are utilized as a means to divert possamer food waste from the landfill.

Anaerobic digestion and aerobic composting utiiatural processes that reduce the
volume of organic matter and stabilize it. The sadtestablishing either system depend on the
technology chosen, the characteristics of the wiastdstocks, the climate, and the overall goals
of the diversion program. The cost comparison is émalysis is based on a 10,000 ton / year
facility. The underlying assumptions and system gonents are discussed in Appendix Q
(Methodology), and CHAPTER 8 (Results).

Composting and anaerobic digestion systems relyicroorganisms, involve some
amount of pre-processing, and require a carboitriogen ratio of approximately 30:1. The two
processes differ in terms of net energy balancesnaissions, footprint, and process time. A
synopsis of these differences can be seen in Table
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Table 5.1 Comparison of anaerobic digestion angessel composting for a 10,000 ton / year

facility
Metric for Comparison Anaerobic Digestion In-vessel Composting
Cost
Capital cost for 10,000 ton
per year facility $8 million $6 million
$)
Life Cycle Co(sﬂt;)over 20 years $9 million $14 million
Energy
Diesel fuel (gal /ton)50 0.8 1.6
Electricity (kwWh / ton) -210 58

Other parameters

GHG emissions from

processing equipment -560 330
(MTCO,lyear)
Fugitive GHG emissions from | <2% of initial C during start 1.5% of initial N (N,O),
process (%) up and maintenance 2.5% of initial C (CH,)™*
Land requirement <2 acres >4 acres
(acres)
Process time (weeks)>? 3to 7 81to 24

The following sections contain the details thatentd the energy and other parameter
comparisons. Note that this comparison is basad-wassel composting technology only. This
approach was chosen due to the high regional thief&ls as well as the known challenges
associated with permitting and finding a site forogpen windrow food waste composting
facility. An in-vessel system will be able to carlitemissions, odors and leachate and is
therefore more likely to be acceptable to both i&guy agencies and the community.

** The composting process relies on heavy equipmatt as loaders, turners, screens, and grinderaréat
powered by diesel fuel. The anaerobic digestiogse requires less heavy equipment and relies omore
equipment powered by electricity which is generdteth the biogas. In this analysis, the fuel usetlie anaerobic
digester is assumed to be half of the fuel used bymposting operation. The diesel fuel use valuénfvessel
composting was derived from the average value ghyecomposting system vendors in response to an AVM
enquiry.

*! These values are based on manure and woody bi@mag®sting. More research is needed to quartéy t
fugitive GHG emissions potential from food wastenpmsting.

*2The high end estimates represent the time allddatecuring in addition to processing.
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5.1 Net Energy Balance

Diesel fuel use and electricity consumption negdyivmpact the operating cost, carbon
footprint, and net energy balance of both anaerdigiestion and composting processes. The
following section describes the energy inputs amguats of both composting and anaerobic
digestion systems.

The composting process requires the use of loagensiers, pile turners and trommel
screens. The quantity of diesel used at a composity is directly related to the type of
composting system and processing equipment chasemell as the annual throughput of
organic material. The fuel use estimates usedisnatiialysis are based on an estimate generated
by The Recycled Organics Unit (ROU) of the Deparibhad Environment and Conservation in
New South Wales, Australia, and from informatiooypded by in-vessel compost system
vendors. The ROU recently published a life cyclalgsis of windrow composting and reported
that an average of 5.5 liters of diesel fuel / mdtn (1.3 gallons per ton) of waste are required
for composting (ROU, 2007). The authors compileslftiel use for key composting process
steps and calculated an estimate that was lowaratmeviously cited US EPA estimate of 1.7
gallons diesel / ton (7.0 liters of diesel fueldtnic ton) (ROU, 2007).53 Estimates provided to
HWMA by in-vessel composting system vendors rarfgach 1 to 2.4 gallons diesel / ton with
an average of 1.5 gallons / ton (HWMA, 2010).54ckKleity is used to power blowers and
monitoring equipment in in-vessel systems. Thgeaof electricity use provided in the HWMA
in-vessel composting vendor was 12 to 99 kwWh /afomaterial (HWMA, 2010). The average
value was 58 kWh / ton of material.55 The averdgdl@nergy use estimates, 1.6 gallons / ton
and 58 kWh / ton, were used to calculate the anfimehalcosts and GHG emissions in this
analysis. Due to the combination of energy inpetsded for processing and the dissipation of
the heat energy during decomposition, compostirsgah@egative net energy balance.

Anaerobic digestion has a positive net energy luaglaas the digestion process produces
more energy than is required for the processingatip&s. Like composting, some machinery is
required for moving the material, size reductiamgj &moving contaminants. In addition,
digesters systems utilize pumps, mixers, and hgalystems. However, because the energy
content in the waste is greater than the energyined)for processintf, this equipment can be
powered by electricity generated from the biogaglpced by the digesters. A study on

%3 As a comparison, the compost operator at the HWW&a River Compost facility estimates that grindiomge ton
of green waste requires one gallon (3.8 litergjie$el fuel. In addition to grinding, the ROU estim listed in this
section also includes fuel used for pile formatimmning and screening.

** HWMA released a Request for Information to in-e¢s®mpost vendors to evaluate a food waste cormgpst
program for Humboldt County. All values listed hig section for in-vessel systems come from theetflonses
HWMA received from this enquiry.

%5 It should be noted here that some processes @iy on diesel fuel for mechanical turning, whilbess use more
electricity for forced aeration. The average nuralze useful to gauge the magnitude of the fual uséhese
processes.

5 A local example of this is the Eureka wastewateatment plant. The plant generates 43% of itseeptant
electrical demand (including all aerobic wastewateatment train processes, pumping, lighting, tawirig and
odor control systems) from the biogas producetiéntivo digesters at the Elk River WWTP.
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anaerobic digestion of food waste in Europe founrad 165-245 kWh of excess renewable
energy is generated per ton of material digesteB@are, 2000). The amount of net excess
energy varies depending on the amount of energyete® operate the pre-processing and
processing equipment. The excess energy can beapeaver onsite loads, or can be sold to the
local electric utility provider.

An additional benefit of the energy produced framaerobic digestion is that it is
considered to be renewable energy. Currently inf@ala there is a demand for renewable
energy because the utility companies are requoeddet the Renewable Portfolio Standard of
33% renewable energy in the electrical grid mix2bg0 (CEC, 2009). Additionally, in 2006 the
state passed AB 32, or the Global Warming Solutiscts which requires a reduction in
greenhouse gas emissions to 1990 levels by 202&@B;2006). This bill creates a demand for
clean energy and adds a premium for carbon negleelricity. The rates paid for this renewable
energy are discussed in detail in the economidsoseaf Appendix Q (Methods).

5.2 Emissions

Another important distinction between composting anaerobic digestion is related to
the emissions of VOCs and greenhouse gases (GNG€)s are known to be a precursor to
smog, can be toxic, and are often the source afsods discussed in the composting section,
there are significant increases of VOCs when foadteris added to compost piles. Restrictions
on VOC emissions from composting facilities woubdjuire the use of a cover and air filtration,
greatly adding to the system cost. The anaeroliestion system is an enclosed system and
captures nearly all emissions (~98%) (US EPA, 2008a)

In terms of greenhouse gas emissions, both conmgoatid anaerobic digestion reduce
emissions when compared to landfilling. The maifedence is that the composting process has
been shown to generate both methanesJ@Hd nitrous oxide (D). These gases represent two
of the eight gases listed by the IPCC as greenhgases that need to be addressed in order to
mitigate the impacts of climate change. A genertheématic showing the sources of emissions
from composting can be seen in Figure 5.1. For @ispn, a general schematic showing
emissions from anaerobic digestion can be seeigurd-5.2.
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Figure 5.1 Sources of emissions from a typical gosting operation. The wider arrows
represent higher emissions levels. The green daaiheds represent biogenic carbon
emissions; these emissions are not considerediyrasa gas emission as they are a part
of the atmospheric carbon cycle. It should be nthatlin-vessel composting systems can
reduce the emissions from the compost process$ litgeontaining and filtering the air
flowing through the piles.

Compost management practices such as frequentiyguthe piles, minimizing pile
sizes, and covering the piles with finished compast play a role in reducing the quantity of
methane emissions released from composting opesatiocreased turning frequency increases
the levels of oxygen in the compost piles, redu¢hrgnumber of anaerobic sites that can
produce methane. However, increased turning regjemergy inputs, releasing GHG emissions
from the use of fossil fuels. Limiting the sizetbé compost pile can also be beneficial for
maintaining aerobic conditions. This is becausgdacompost piles often develop more
anaerobic zones that lead to the generation afékissions (Fukomoto et al., 2003). Covering
compost piles with finished compost, especiallyinyithe first few weeks of processing, helps
to reduce emissions due to the active aerobic miarpopulations present in the finished
compost. The blanket of finished compost acts lais-dilter where aerobic organisms destroy
the volatile organic compounds escaping from maitafi

Ultimately, what the literature review revealedhat some of the initial carbon and
nitrogen in a compost pile will be emitted as mathand nitrous oxide regardless of turning

" Recent research shows conflicting results on whiufssions are effectively removed through biastion. The
present state of the research suggests that eotaitjhnic compounds can be removed, however, metah
nitrous oxide have been found (in some studiebgtanaffected by the bio-filter.

34



frequency and pile size (Fukumoto et al., 2003gHal., 2000; Hobson et al., 2005; Smet et al.,
1999). Current research also suggests that fugiieihane and nitrous oxide emissions from
composting may be small (2.5% of initial C, and%.6f initial N) (Brown et al., 2008). It

should be noted, however, that the methane esnaa¢ebased on data collection at composting
operations that did not process food waste. As ametland VOC emissions are directly related
to the amount of initial carbon present in the wastteam, it may be beneficial to anaerobically
digest wastes rich in volatile organic carbon (sasliood wastes) before composting. After the
waste passes through the anaerobic digestion madbesmajority (>85%) of the initial volatile
carbon will be converted to biogas while other imtis will remain in the waste.

C CO, CH, CH; N,O CGQO, CGO,
: A S
- Sorting, . - Digested —
Organic |...... » Grinding, and |- p Digestion Process|..p)| residual ..p| Co-generation
MSW mixing composting
Diesel fuel used <2% CH4 CH4 and N20 Diesel fuel used
to load material, leakage potential formed in for moving and
renewable anaerobic and stockpiling
electricity used semi-anaerobic
for contaminant pockets
removal, size Key:
redl#iit)'(?:’ and Solid black arrow = anthropogenic GHG
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=]

Dashed green arrow = Biogenic carbo
emission (not a GHG source)
Dashed brown arrow = Organic Mater(al
Flow

Figure 5.2 Sources of emissions from a typicakamiaic digestion operation. The wider arrows
represent higher emissions levels. The green daaiheds represent biogenic carbon
emissions; these emissions are not considerediyrasa gas emission as they are a part
of the atmospheric carbon cycle.

Emissions from anaerobic digestion mainly occuhmpreprocessing and post
processing stages. The pre-processing emissionsectimited as more electric equipment is
used, as this power can be provided by the digegstem and will not be considered a source of
GHG emissions. There is a potential faxONand CHto be produced from composting the
residual digested material. Special consideratimukl be given to minimizing the emissions
from the post digestion treatment of the waste.
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5.3 Operational Parameters

The following bulleted list compares the requirgeb@tional footprint and processing time
for both in-vessel composting and anaerobic digasti

* Size of footprint required: The composting process requires several stagétast
four to eight weeks each. Because the processimmgg; and storage stages are
longer for composting than the corresponding stepanaerobic digestion, a larger
area is required for the continual addition of imbog material. HWMA staff
conducted a survey of California compost facilitieat are permitted to accept food
waste. Nearly all of the facilities surveyed udeel turned windrow composting
method. The average size of the facilities survayad 109 acres, and the average
throughput of food waste was 370 tons per year (HWRD07)>® The large amount
of land typically needed for municipal-scale contpasdictates that most facilities
purchase cheaper land far from population centiergessel composting systems can
process waste faster and therefore require lesg spidhe average required acreage
for in-vessel systems cited by the HWMA RFI respamd was four acres, often not
including space for curing (HWMA, 2010). The reauairfootprint for the anaerobic
digestion of an equivalent quantity of food wastestimated to be smaller (two
acres) than the footprint needed for either conipgshethod®® This footprint
includes space for a receiving facility, digestars] a solids drying area. The smaller
footprint enables anaerobic digesters to be platmskr to population centers where
the waste is generated, reducing the trucking sacgsas well as the carbon
footprint of processing.

* Processing time Depending on the process chosen, the completpastimg process
time is eight to 24 weeks whereas anaerobic digeséquires only three to seven
weeks (the latter value assumes a three week aszobing phase), or one third of the
time needed for composting.

In summation, the pairing of anaerobic digestiothwesidual composting optimizes the
use of the energy content in food waste while redpfugitive VOC and GHG emissions. As
this approach has the potential to capture aneitihe energy generated from waste
decomposition while still meeting US EPA pathogeduction requirements and returning
nutrients to the soil, the remainder of this stimbuses on the feasibility of utilizing the
anaerobic digestion process for food waste divargicHumboldt County.

%8|t should be noted here that there was a largati@n in the ratio of food waste to green wasiecpssed at the
facilities contacted. As such, the total footpimhot a reflection of the required area for focaste composting
alone, but rather the required area for the gresmsterthroughput that is the primary feedstock fosnof the
operations.

**In the case of 10,000 tons of organic waste par, @ estimated six acres would be needed for ostimg
compared to two acres for anaerobic digestion.
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CHAPTER 6. FOOD WASTE DIGESTION IN NORTH AMERIC A

There are over 70 operating digesters processig)\i@ste in Europe today (De Baere,
2007). Currently in North America, there are orfilyee projects processing municipal scale food
waste, and four other projects that either protesd waste on a pilot scale or are in the nascent
stages of development. Although this technolodyeisng widely adopted in Europe, the U.S.
market has yet to be developed. The successfutiaddp Europe is partially the result of a
European Union ban on organics in landfills, ad aglthe high rates paid for renewable energy
fed into the electricity grid (CIWMB, 2008). Thellimwving is a description of existing and
developing food waste digestion facilities in Noftimerica. The first three projects process food
waste at the full municipal scale, the latter fonly process a portion of the food waste stream.

6.1 East Bay Municipal Utility District (EBMUD)

EBMUD, located in Oakland, California, is leadifgtfood waste digestion effort in the
U.S. Like other municipal agencies, EBMUD recogditlee potential to turn organic waste into
energy. The EBMUD project is located at the wastemeatment plant ( WWTP). This WWTP
has extra digester capacity due to a shift in las&lpatterns; i.e., many large digesters were built
when the city expected growth in the industriatseproducing large amounts of waste.
However, over time, residential development flooved and the WWTP ended up with extra
space in the digesters that was unneeded for inadlusaste processing. EBMUD sees this extra
capacity as an opportunity to digest food wasteahdr organic residuals (Suto, 2008).

Partnered with the local waste hauler, Recology{ély Nor Cal Waste Systems Inc.),
EBMUD started to receive waste in 2004. The haigleesponsible for collecting and pre-
processing the waste. Pre-processing includes roamaat removal via a trommel screen, a star
grinder for initial size reduction, a magnet separéor ferrous metals removal, an air separator
for plastics, and a hammer mill for final size retion. The organic slurry is then delivered to a
receiving pit at the WWTP for processing. The WW@®End that the waste still contained a grit
that consisted of metals and shells. This grit edysocessing problems as it clogged the outlet
tubes from the holding tank and destroyed pumpsgtu the digester. For this reason EBMUD
purchased a peristaltic puffiglesigned to handle abrasive materials and hasatedta
proprietary “Paddle Finisher” in order to furthemove grit from the organics stream. The
paddle finisher consists of two to four paddleg tbgate along the inside of a cylindrical screen.
The soft, organic materials are extruded throughsthall openings in the screen while the more
fibrous and/or non-organic materials (~10% of thaltsolids) are rejected. The organic pulp is
then pumped to the digesters, while the rejecte@maais hauled to the landfill (Gray et al.,
2008).

® The usual application for peristaltic pumps i$hia mining industry.
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The EBMUD facility is currently set up to accept#ds per day of food waste. The food
waste is piped into six to seven digesters to bdigested with the municipal wastewater solids.
EBMUD is interested in digesting the food wasteasagely from the municipal sewage sludge
and has been testing the digestibility of the fa@ste pulp via bench-scale digesters to
determine the optimal operating parameters. ReBolts the study indicate that food waste pulp
processed with their finishing technology is moiedegradable than wastewater solids and will
leave less residual solids after digestion. Adddity, the EBMUD studies show that food waste
pulp can be fed to the digesters at a higher lapdite than wastewater solids (0.6 Ibs.
VS/tdlday vs. 0.20 Ibs. VSfitday) (Gray et al., 2008). These results indicase food waste has
a “lower concentration of toxic materials than nuoipal sludge” (Gray et al., 2008). When the
gas production was compared to the standard gasigtion of wastewater solids the study
showed that “approximately 3 to 3.5 times as muelthane can be produced per unit digester
volume from food waste pulp than from municipal teasater solids” (Gray et al., 2008). This in
conjunction with the higher loading rates and tieeased digestibility means that smaller
digester volumes can be utilized to process foosteva possibly resulting in lower capital costs.

The EBMUD project had to shut down its food wastgestion operations while the grit
issue was resolved (Suto, 2008). As of this writthg@y are operating again and processing 23
tons per day of food waste from the commercial®edthey are also processing blood, fats, oils,
and grease and are currently working towards ssdoake food waste digestion utilizing the extra
digesters the have onsite (Suto, 2008).

6.2 The Toronto Dufferin Organics Processing Fality

The Dufferin Organics Processing facility is lo@hte Toronto, Canada, and processes
the city’s residential organic waste. Opened in280d operated by Canada Composting, the
project collects source separated organic waste 0,000 households participating in the city’s
“green bin” program. Since its inception, moreasthave signed on to the Green Bin program
and participation now stands at 510,000 single lfahuuseholds (Toronto, 2010). The waste is
trucked to a pre-processing facility where it isually inspected before it is loaded into a
hydropulper for contaminant removal. The hydropuipe patented technology that is
essentially a blender in a washing machine. Theebxtdnops up the waste and the organic
material is extruded through the small holes indides of the drum. The contaminants are
separated from the organic waste through a scrggmotess, and are disposed of at the landfill.
The pre-processing facility has an odor managesystem that consists of a bio-filter with
finished compost as the filtration media. The orgamlp is loaded into the single-stage digester
while the rejected contaminants are taken to thdfith The stabilized residual solids are taken
to a compost facility where they are converted msoil amendment.

This project’s success is due in large part to legiels of participation from the
residential sector. This was achieved through i@sef “open house public consultation events”
held with the community members to ascertain whed inportant to them in order for them to
be motivated to participate. The participant’s twain concerns were the ability to put their
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organic waste in plastic bags and that all thiregmky” would be collected weekly. The result
of these stipulations is a large quantity of pastintamination in the diverted food waste
stream. The hydropulper technology used at thditfais effective at removing the bags and
therefore all organic waste including diapers caipbt into the green bins. The City of Toronto
developed a new waste collection system to accoratedtie additional organic hauling routes
and to keep costs low for the ratepayers. Thieaysittilizes dual stream waste collection trucks
to collect all things organic along with recyclinge week, and all things organic and trash on
the alternating week. The project manager repoftgeater than 90%” participation rate.

The Dufferin plant does not currently generatetel@ty with the methane produced
from the digester® This was due to uncertainty about the quantitgasf that would be
produced when the project was started. The Ciflyoobnto is now expanding operations due to
high participation rates and plans to build two rfawilities complete with systems to co-
generate heat and electricity. They also plan tbaadogeneration system at the existing
Dufferin facility. Each facility will be capable dfandling 55,000 metric tons / year, or 136 tons /
day. These facilities are part of the city’s plarr¢éach 70% diversion from landfills by 20%0.

6.3 Newmarket Digestion Plant

The Newmarket digestion plant, located just noftfia@ronto, was opened in 2004 and
was then closed in 2006 due to odor complaints.pléet was then purchased from Canada
Composting by Halton Recycling Limited. Halton Reloyg immediately contacted an odor
control specialist who now runs the plant. The sdest, Noel Moya, found that the odor control
system was under-sized. This design error includedlowers, the ducts and the bio-filtéts.

The plant was upgraded with a larger air-exchaggeem, new bio-filters that are backed up by
five carbon filters, and quick-closing doors to exlors inside the processing facility (Moya,
2008). The facility also uses the BTA hydropulptinology, but the operators have altered the
equipment to more effectively handle diap¥rs.

The plant operator, Noel Moya, found that froméxperiences the BTA equipment was
expensive to operate and maintain. Mr. Moya alsticaed against allowing plastics in the
source separated organic waste stream. Mr. Moyadstiaat, in his opinion, Toronto made a
mistake allowing the stakeholders to use plastgstzand put diapers into the organic waste
stream. The waste stream that the Newmarket pgaetwes has about 25% plastics and
removing the plastics requires a lot of energyfidther stated that Germany, which leads
Europe in municipal organic waste digestion, dagsatiow plastics in their source separated
organics (SSO) waste stream and has no problems.dlpolitical issue, not a practical issue”

®L The digester gas is currently flared.

%2 personal interview with Dufferin organic wasteetiter plant manager November 2007.

83 Bio-filtration is the process of pulling foul ahlrough wood chips or finished compost in ordereimove odorous
compounds.

%4 The fibrous materials in the diapers were founddalogging the hydropulpers, so the blades omthi@ shaft
were altered to chop up the fibers before theyasirk.
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he stated. His advice is to prohibit the use oftda from the start to avoid expensive
pretreatment.

6.4  The University of California (UC) Davis andOnsite Power Project

In October 2006, UC Davis and Onsite Power Systemsunveiled their prototype high
rate anaerobic digester system. Partially fundethbyCalifornia Energy Commission, this
digester system is a pilot scale plant capableaafiing eight tons per day of organic waste. The
waste streams utilized by this project include fa@ste, grass clippings and animal wastes. The
system has not yet been run continuously and isiesigned to handle a large municipal waste
stream. The project model is high temperature (EBBRgh rate digestion that can capture
hydrogen as well as biog&s.

What is unique about the project is that it candhasolid waste with little pre-
processing. The waste is loaded into the acidiboadr first stage digesters where it decomposes
and produces water and organic acids. The “acienves then decanted off of the remaining
solids and put into a second stage digester wheremethanogenic organisms generate biogas.
The two stage digestion system is designed toaggton the dissimilar metabolic rates of the
bacteria (acid formers vs. methane formers) thesibdown organic waste in anaerobic
conditions. The acid formers can exist in almolst@hditions, and have a relatively fast
metabolic rate. Conversely, the methane formersemsitive to temperature and pH changes
and have a slower metabolic rate. By separatindgvibeghases, the digestion process can occur
at a faster rate overall.

This project is still in the development stages anthe time of this writing has only
begun to process waste on a regular basis. Théditsenfethis design are complete pathogen
destruction and the potential for hydrogen captum the first stage. However, the capture of
hydrogen in the first stage results in decreaseitiane formation in the second stage.

6.5 Chevron-Millbrae

Located in Millbrae, CA, this digester processds,fails, and grease. The city’s waste
water treatment plant receives 3000 — 6000 galhdmestaurant grease (or Fats Oils and Grease
— FOG) daily and processes it in the existing avtaierdigesters. The grease and other organics
are mixed with the municipal sludge and co-digestéx additional organics generate ~1.7
million kwh annually which meets 80% of the wasteavdreatment plant’s electrical load. The
offset demand from the utility power grid will alswoid 1.2 million pounds of CQemissions
annually. The upgrades to accept the FOG and gengectricity via a 250 kW micro-turbine
did not cost the wastewater treatment plant’s eatefs any money. The project paid for itself
through the $0.10/gallon tipping fee paid by wastdaulers, a rebate from the state of

% The information in this section comes from bothiting the UC Davis digester project, and multiple
conversations with project developers Josh RampattDr. Ruihong Zhang of UC Davis (2008).
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California’s Self Generation Incentive Program, #mel savings generated from the offset
electricity demand at the waste water treatmenttplehe FOG waste stream is seen as a huge
potential source of renewable energy, and it aidpshkeep the sewer lines from clogging
(Chung et al., 2007).

6.6 Inland Empire Utilities Agency (IEUA)

Another local plant processing some food wasthadEUA. This plant co-digests
manure, food waste, and FOG. The digesters wetalgds in 2006 and produce 400,000 —
600,000 fi/day of methane g&8.The digesters are operated at mesophilic tempeswith a
20 - 25 day solids retention time. The biogas &du® generate electricity, and the remaining
digested solids are either land-applied or complste

6.7 Sacramento Municipal Utility District (SMUD)

SMUD is involved in the development of two food weadigester projects. The firstis a
digester that will process the food waste generatésblsom State Prison. The second digester
will be sited adjacent to the Sacramento municisdtewater treatment plant and will digest
food waste in order to produce biogas for the psepaf augmenting the gas supply at that
facility.

A feasibility study and a statement of interestcs@aition have been completed for the
Folsom project. The estimated quantity of food wastbe digested is 50 tons per day, most of
which will be coming from the prison and the rent&@nfrom the community of Sacramento.

The statement of interest solicitation resultedesponses from European vendors who indicated
that they were interested in developing the prajgcto and including providing the financing.
The project is currently on hold until Folsom StRteson decides how they want to move
forward®’

In 2007, SMUD contracted with Brown and Caldwelttmduct a feasibility study for
adding organics into their existing digester fagiit the Sacramento Regional Wastewater
Treatment Plant (SRWWTP). The biogas from the SRVWVgiovides a small portion of the
fuel at the adjacent Carson Energy Cogeneratiomt,RAdnich runs primarily on natural gas.
SMUD commissioned this work to estimate the amafimeénewable energy that could be
generated with the addition of available organiste@atreams (Brown & Caldwell, 2007).

A pilot test of a fats, oils, and grease digestas \mitiated on December 2, 2008. The
project is digesting 5,000 to 7,000 gallons per ofalyOG that is diverted from a rendering
facility nearby. Once this pilot has been succdlyséstablished, the project team plans to move
forward with liquid food waste, namely expired safinks. Following successful

% Inland Empire webpage: http://www.ieua.org/faihkisolid.htm] accessed June, 2008.
%7 personal communication with project manager Rutibbugal of SMUD June 2008.
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implementation of the first two stages, the thindl #ourth stages would include glycerin and
finally food waste.
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CHAPTER 7. DESCRIPTION OF PROPOSED HUMBOLDT COUNTY
FOOD WASTE DIGESTER SYSTEM

HWMA proposes to develop a food waste digestetifpa¢o serve Humboldt County.
The facility would be located in Eureka near erigtivaste hauling routes and population
centers. This facility would receive and processtymonsumer food waste, producing biogas and
a valuable soil amendment. The biogas will be Wsegknerate electricity and heat that will help
to offset the costs of managing this waste strédis facility will enable Humboldt County to
reduce the environmental and economic impacts sfev@anagement. This chapter provides a
description of the proposed system. A flow diagsirawing the main components of this
system can be seen in Figure 7.1.

The food waste digester system proposed here begimsvaste collection. Collection
can either be accomplished through source separaiio separate collection or though
mechanical separation of mixed waste. The inigatem will be sized to process source-
separated commercial and industrial food waste.

The organic waste will then be hauled to the degefsicility for pre-processing in order
to prepare the organic material for digestion. phazessing consists of contaminant removal,
grinding and/or chopping the waste, and may alslude dilution. The pre-processing steps will
occur in an enclosed building equipped with an asbmtrol system.

After the pre-processing step, the waste is helhomogenization, or buffer, tank until
it is metered into the digester system. The digagtrocess produces biogas and a liquid/solid
soil amendment. The biogas will be scrubbed antiteeanco-generation engine to be converted
into electricity and heat. The residual soil ameadtrcan be converted into compost and a liquid
fertilizer. These process steps are describedtaildie the sections that follow.
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Figure 7.1 Process Flow Diagram for a food wagiesder. Green arrows are organic material flow,klack arrows follow
contaminant flows, and the brown, blue and redvesrshow end products.
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7.1 Collection

HWMA plans to initiate this digester facility by lbecting from the commercial and
industrial sectors. Plans for phase two of thelfaaste diversion program will include
residential food waste. Residential and commefoiad waste collection programs are already
operating in many California cities. According toeort commissioned by the US EPA Region
9°8 on the status of organics recycling programs inttNémerica, there are 40 established
residential organic waste collection programs ifif@aia (CCWI, 2010). There are an
additional 26 food waste collection programs ineotétates and 55 in Canada (CCWI, 2010).
According to the study, six of the 40 Californisgickential organics collection programs
surveyed collect food waste separately from greastevand 19 out of 40 collect separated food
waste combined with yard trimmings (CCWI, 2010hrde cities have banned food waste from
the disposed waste stream, and the majority gbtbgrams surveyed collect the organic waste
weekly with a separate collection route (CCWI, 20Tis report confirms that communities in
California are finding success with organic wasikection programs, and that there exist
working models to draw from when designing a cditetsystem.

Collecting a source separated organic waste stoaamesult in low contamination
levels. This can be accomplished through mandatowluntary organic waste collection
programs. The mandatory programs are able to ael9i@% participation whereas the voluntary
programs achieve 17-40% participation (CCWI, 2010).

Collection programs typically consist of kitchem$ifor daily food scrap collection, then
a larger container (30-65 gallons) for curbsiddemion (CCWI, 2010). A “motivated and
engaged citizenry” was cited as the underlyingdiaftir the success of the programs surveyed.
Problems cited in the survey are odors, contananatind low voluntary participation rates
(CCWwI, 2010).

7.2 Hauling

Hauling food waste will require the use of reardimg garbage trucks, large flat-bed
trucks, and pumper trucks. Participating jurisaict will be responsible for developing contracts
with waste haulers for local food waste collectiB@G and other liquid wastes such as cheese
whey or manure slurry, will be hauled using puntpacks. Once the trucks arrive at the
organics processing facility, they will cross oe@rautomated weighing scale that records the
tonnage received, and identifies the hauler. Thiehswill then proceed to the processing
building where they will back in and dump the fosdste onto either a recessed cement floor or
a receiving pit. Liquid wastes will be pumped dilginto a separate receiving tank. A computer
and card reader system will record where the trackscoming from, and how much waste they

% EPA Region 9 serves Arizona, California, Hawaiévsda and the Pacific Islands.
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are depositing. This will enable tracking of papation, diversion and greenhouse gas
reductions.

7.3  Pre-processing

Pre-processing involves contaminant removal anelr@duction and is one of the most
challenging parts of food waste processing. Rengpmom-organic contaminants like silverware
and plastics from food waste is difficult due te thensity and high moisture content
characteristics of the waste. There are many cordtgns of pre-processing equipment in use
today. Pretreatment equipment needs are basec @omidition of the waste as well as the type
of digester process chosen. The following sequédeseribes the pre-processing equipment
currently used in operational food waste digesgstesns. Some of these steps may not be
necessary depending on the digester system cheseséction 4.2). These treatment trains can
include but are not limited to visual inspectiocregning, magnets, grinders, density separators,
and paddle finishers.

* Visual inspection The digester facility staff will visually inspettte incoming waste
to identify highly contaminated loads. If a loadsoiurce-separated waste is too
contaminated, it will be rejected. A condition atapting waste will be based on
maximum allowable level of contamination. This pglwill help to maintain low
contamination levels in order to reduce the time amergy required for pre-
processing. Load inspections can be used to igahif origin of the highly
contaminated waste so that the waste generatdrecaontacted and measures can be
taken to improve the collection efficacy.

» Screening:Trommel screens can be used to separate largemsmrants from food
waste. Trommel screens are rotating drums with pizes that are selected to
separate one size of material from another. Theoatdgsmaller than the pore size
selected fall through the screen, while the lagigects remain in the drum. Multiple
screen pore sizes can be utilized depending om#iterial being screened.

Another type of screening technology is the padidisher. Paddle finishers are
common in food production for use in pulping, jaigj and oil separation. Similar to
the trommel, paddle finishers also use a horizaman screen. In contrast to the
trommel, the paddle finisher screen pore sizegsicantly finer, and the drum does
not rotate. Instead, a set of “paddles” pushes foaste materials through a fine
screen, separating out and trapping large contantsnehile extruding a fine pulp on
the exterior of the drum. A paddle finisher is us¢the end of a pre-treatment
process train to remove any smaller-sized contamsnand grit that remains in the
waste.

* Magnetic separators A magnet, or set of magnets, is placed on theoéiad
conveyor belt or grinder to remove ferrous metsis€] silverware).
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Grinders: Grinders chop the material into a homogenous 3ies is essential for
maximizing the surface area available for microbdetomposition. Grinders are
widely used at composting facilities and wastewaatment plants. Grinders in
food waste digester projects have to handle matalsplastics as these contaminants
are commonly found in source separated organicatSeand fine grinders may be
used in separate pre-processing steps to conditeowaste for subsequent steps.

Density separators Density separators use centrifugal force and miatseparate
contaminants from the food waste in a large tardauier contaminants sink to the
bottom of the tank, while lighter contaminants floa the top, leaving the processed
food waste slurry to continue through the prockigslropulping is an example of
density separation technology. In a hydropulpinge&yfood waste is added to a tank
and mixed with water. An agitator spins the foodstesslurry at a high velocity. The
hydropulper uses hydraulic shear to de-fiber thel fwaste into a homogenous pulp
(JG Press, 2005). In addition to pulping, the cya@ction causes most of the lighter
contaminants such as plastics float to the topetank where they are periodically
raked off. Heavier materials such as glass, ceihgrware and grit are pushed to the
bottom of the tank where they are collected irap ind removed. The organic slurry
is extruded through the small holes in the drumrelitethen passes through a
finishing separator to remove any remaining grit.

Processing:Once the contaminants have been removed, the adatehomogenous
and is ready for digestion. There are two main eofae digestion pathways: co-
digesting the food waste with municipal sewage gduand stand-alone digestion of
food waste’® The main difference between the two processdwmisality of the
residual solids. Municipal sludge can contain heaeyals, pharmaceuticals and
other chemicals due to uncontrolled dumping dovaind: The US EPA has
established regulations (US EPA Part 503 Rule)roegg the post-processing heat
treatment and safe end uses of these solids. Howawaic opposition to the local
spreading of sewage solids is a barrier to the spcad use of these solids as
fertilizers. The treated solids from wastewateatmeent facilities are usually
landfilled or land applied’ Land application is increasingly more difficult @ater
guality regulations become more stringent. Many amities do not allow these
residuals to be applied to their land for concéat that toxic substances will get into
their water supply.

Due to the challenges associated with disposingigewludge, HWMA has chosen the path of
stand-alone digestion. Stand-alone digestion regurhigher initial capital outlay, but produces

% stand alone digestion can include other cleanricgaastes such as manure, yard waste and industginic
waste products.

" The Eureka wastewater treatment plant is curréatigi-applying their solids. Due to the agrononeistrictions
on nitrogen accumulation in soils as well as watality concerns, the wastewater treatment opesata looking
for new land where the treated solids can be agplie
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a cleaner residual. This residual can be can bgaostad with green waste or land applied, and
has a market value that can generate an additienahue stream.

7.4 Main Components of an Anaerobic DigestionyStem

There are many variations of digester systems fmsgatocessing organic waste. HWMA
has not yet selected a specific technology, séalfleving is a general description of the system
components for a wet (<15% solids) digestion systéfm dry digestion system (>15% solids) is
chosen, less water will be added to the systemppgumay be replaced with screw augers (for
loading the digester), and some pre-processingraxithg may not be necessary.

A general mass flow balance for anaerobic digesiidood waste is shown in Figure
7.2. The following assumptions apply to this mdes+fdiagram: 30% total solids content (TS),
87% volatile solids (VS/TS), 80% VS destructiong gmocess water re-use. This mass-flow
balance does not show the addition of water fartidih.

48



950 kg 198 kg biogas

v

70% HO = 665 kg 60‘? ChH
30% Solids = 285 kg 40% CQ !
) Pre-processing: Cogeneration
1 Metric Ton Contaminant Siendin of
Food Waste > removal and tank g Digester Electricity and
material sizing Heat
1000 kg l
50 k ¥
g Re-circulated l l
for seeding /
mixing ~35% | 665 kg HO 87 kg Residual solids
or greater 30% of initial TS

A 4
Conversion to Liquid M

Fertilizer or disposal at
Landfill WWTP Compost

Figure 7.2 A general mass-flow balance for an eotae digestion system.
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The following is a list of the major componentsaof anaerobic digestion system:

* Homogenization tank Also called a “buffer” tank in this analysis, ¢his a tank that
will hold the slurried organic material until itied into the main digester. This tank
can be heated and can have mechanical mixing sy$terkeeping the material from
stratifying.

* Pumps Pumps are usually controlled by a computer syskahloads the material
into, and removes material from, the digester. €msnps operate at regular
intervals throughout the day. Digested materiaémoved before the new material is
put in. Like those used in mining and food proaegsipplications, these pumps need
to be robust enough to handle gritty wastes.

» Digester tank: Digester tanks are air-tight vessels that areraktut the digestion
process. Digester tanks are often lined steel tatksa floating lid to allow the
active tank volume to increase or decrease as disggenerated. Digester tank
volume depends on the feedstock specific loaditey’tahe daily flow of waste
material, and the desired hydraulic or solids reb@rtime. Digester designs often
include an additional 15% of volume, or head spaxbave room for the biogas that
is produced. There is 15% extra volume for the stgyegas. The digester tanks are
heated and mixed to ensure a rapid breakdown adrmahtThe incoming waste is
also pre-heated so as not to disrupt microbialigti

* Heating: The slurried material and the digester can becdeatth the heat from a
cogeneration system or a boiler. A cogeneratiotesysypically refers to an internal
combustion engine (although it can also refer bhigh-temperature fuel cell) with a
water jacket that captures the heat from combuslibis heat can then be used in
conjunction with a heat exchanger to heat the inogreludge and the digesters
themselves?

* Mixing: Mixing the contents of the digesters ensurestti@tnicroorganisms have
the most exposure to the organic material. Likgihgamixing maximizes the
efficiency of decomposition. Mixing systems canditber mechanical (like a
blender), pneumatic (compressed biogas injectedtimd lower part of the digester),
hydraulic (injecting heated slurry into the bottofrthe digester to create thermal, or
convective, movement) or passively by using themahtycles of gravity and gas
evolution”?

" The feedstock loading rate refers to the ratetétivthe methanogenic organisms are able to cottvertolatile
fatty acids produced by the acid forming bacteFtas is expressed as maximum throughput (kg V®arVS ) per
volume of digester space {ror ) per day

2 Currently, the digesters at the Eureka wastevietatment plant are heated using the heat captwoedthe two
internal combustion engines generating electriitgite.

3 For example, the Eureka wastewater treatment plamently uses pneumatic mixing and the Arcatatpleses
the hydraulic method.
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Gas collection:A gas collection system consists of pipes locatetie top of the
digester that transport the gas from the digesténd gas scrubbing and cogeneration
systems.

Gas treatment: Before entering the cogeneration equipment, thgds is scrubbed
to remove hydrogen sulfide and water. Hydrogendeiéombined with water forms
sulfuric acid, which over time damages electriggneration equipment. Iron
exchange chemistry is a proven technology thabkas utilized by the landfill gas
industry for many years to remove hydrogen sulfiden biogas. When the iron
exchange media is spent, it is non-hazardous, amdbe disposed of in a normal
landfill.

7.5 End products

The end products from a food waste digester argalsigprocess water (digestate) and
residual digested solids.

Biogas The biogas can be combusted to produce elegtaoid heat, compressed to
be used as a vehicle fuel, or purified and injeatéal a natural gas pipeline. For this
analysis, HWMA has chosen cogeneration, or therg¢ioa of both heat and
electricity, as the end use for the biogas. Theaedehind this choice is the potential
for the facility to be sited adjacent to the Eurekastewater treatment plant (WWTP).
The Eureka WWTP currently has a demand for thetreddyg and the heat on site,

and more importantly, has a cogeneration systewe#isas an interconnection
agreement with PG&E already in place. By tying glas from the food waste project
in with the existing cogeneration system, signifiiceapital investment costs can be
avoided and the wastewater treatment plant carrgieneore electricity to serve the
WWTP onsite load$? In this analysis HWMA has assumed that the cogtiver
engine will achieve a 35% electrical efficienf®Other technologies that can be used
to generate electricity from biogas are fuel cafisl micro-turbines.

Water: The remaining process water (digestate) is mittrieh and can be used as a
soil amendment. Digestate has been utilized fall rnadians and parks, as well as
schools and farms. This process water can alse-bisad in the digestion pre-
processing steps and/or put into the WWTP head sviarkdisposal.

" The Eureka WWTP is currently undergoing a facilipgrade which includes the purchase of new cogéiner
engines. The engineering firm developing the upgraldn has stated that the new WWTP cogeneratioip@gnt
can be sized for both the biogas stream from tistieg WWTP digesters as well as the biogas strieam the
food waste digester project.

" The 35% electrical efficiency value is cited by-gias fired co-generation engine vendors (Marti®®ernon

2010).
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* Residual Digester SolidsThe residual solids from a stand-alone food wegjester
are a valuable soil amendment. Ideally, these seholuld be co-composted with
green waste to form a nutrient-rich additive. Taéguiting humic material would be
completely stabilized (i.e., have no remaining titdacomponents or pathogens), and
can provide an additional source of revenue tdahdity.

7.6  Footprint

The proposed Humboldt Regional Food Waste Digésetlity footprint will be
approximately 2 acres. Included in this footprsithe access road, truck weighing scale, pre-
processing building, tanks, and gas treatment egemp. Required tanks include the
homogenization tank, FOG receiving tank, and twixsaor digestion (one for primary
digestion and one for gravity separation and/ouneldncy).

7.7 Site

A strong candidate for the food waste digestellifges a parcel of land adjacent to the
Eureka Elk River WWTP (Figure 7.3) known as thev@eay property (Figure 7.4). This site is
ideal because it is owned by the City of Eurekaiaratljacent to the WWTP. The proximity to
the WWTP facilitates the interconnection with tixéséng cogeneration engines, safety flare,
and electricity loads. Half of the Crowley properyalready being used for fire department
training, while the other half, which is closerthe treatment plant, is available for other uses.
This site is currently zoned as coastal-industAaioad adjacent to the site can be used to access
the facility. Part of the property is wetlands, dhdrefore a wetlands delineation study will be
required prior to the digester facility’s developme
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Figure 7.3 The yellow rectangle shows the EIk RW&VTP on the Humboldt Bay. Source:
Google Earth accessed August 2008.
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Potential Site

Elk River WWTP

40246103 48" N 124°11'41.84" W

Figure 7.4 This map shows the potential projdetlshown as the Crowley property. The
Crowley property lies to the North of the Eureké& River WWTP. Accessed via Google
Earth August 2008.

7.8 Permit Requirements

HWMA is currently working through the permittingqmess beginning with the
California Environmental Quality Act (CEQA) Initi&tudy process. The initial study process is
a permitting pathway whereby a lead agency forreala proposed project idea in order to
determine whether an Environmental Impact RepdR)Er Negative Declaration of impact
must be prepared. This document includes a liatlgfotential impacts to the environment and
surrounding community, and it also proposes mitigaineasures to negate or reduce the
impacts. This document additionally identifies lemits that will be required. Supporting
studies that may be needed to complete an InitiedySare: biological assays, archaeological
assays, and traffic studies. Once completed, ihialistudy will be distributed to all pertinent
regulatory agencies for a 30 day comment perioaeQine regulatory concerns have been
sufficiently addressed, the document is made avail@r public comment. At the conclusion of
both review processes, the lead agency can deterimat 1) the project should be abandoned or
moved to another site, 2) an EIR will be neededefeding the permitting time and cost), or 3) a
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Mitigated Negative Declaration of impact is appiat# (project development can proceed). The
following permits and impact reports need to beaitetd before the HWMA project can bedfh:

» City of Eureka — Design Review Permit, Grading Permit, BuildingrRi¢, Coastal
Development Permit, Rezone, LCP Amendment, Desgnew;

* Humboldt County Public Health Department — Solid Waste Facility (SWF)
Permit;

* North Coast Unified Air Quality Management District (NCUAQMD) — Permit for
Internal Combustion Engines;

* North Coast Regional Water Quality Control Board (NCRWQCB) — National
Pollutant Discharge Elimination System (NPDES) St&Water, 401 Water Quality
Certification, Waste Discharge & Biosolids Permits;

» California Department of Resources Recycling and Rmvery— (CalRecycle)
Solid Waste Facility (SWF) Permit;

» California Coastal Commission— Coastal Development Permit Appeal Authority;
» California Department of Fish and Game (DFG) -Biological Review; and
* U.S. Army Corps of Engineers (USACE}- 404 Wetlands fill Permit.

Currently there are no defined regulations for fa@ste digester projects. This is due to
the dearth of existing food waste AD systems inthidimerica. An additional objective of
developing the HWMA Initial Study is to expose tiegulatory agencies to the potential benefits
and characteristics of food waste digester fagditiConcurrent with this effort, the California
Department of Resources Recycling and Recovergtmmsnissioned a programmatic EIR for
food waste digesters. Both efforts should resu#t more clearly-defined regulatory structure
that can potentially streamline the permitting @xin the future.

In addition to pursuing and funding the programm&tiR, CalRecycle itself recently
passed new directives that will affect the regulagtatus of anaerobic digestion projects.
Strategic Directive 6.1 sets a goal of 50% diversiborganics from landfills by the year 2020
(CIWMB, 2007b). To meet this directive, CalRecyeltimates that the organics processing
infrastructure will need to expand by an additioh&J000,000 tons per year state-wide. Directive
8.5 mandates the CalRecycle staff to work with llpo@sdictions to develop this infrastructure,
which includes a regulatory framework for the immpéntation of organic waste conversion
facilities. Directive 8.4 requires CalRecycle tsere that all regulations reflect the current state

" The list of required permits was generated asqfahte HWMA CEQA Initial Study document currentipder
development. HWMA has contracted a local planning,fPlan West Partners, and sub-contractor, Olu&en
Energy & Engineering, to assist in this effort. ¥btudy was made possible with the help of an EBgidh 9 Solid
Waste Assistance Grant.
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of scientific knowledge and are in line with theatgpoof AB 32. A regional food waste digester in
Humboldt County will help member jurisdictions a@dlRecycle to comply with these new
directives.
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CHAPTER 8. FEASIBILITY STUDY RESULTS

The anaerobic digestion of organic waste streamsncaiease the percentage of waste
diversion in Humboldt County, generate renewabkrgy and reduce greenhouse gas
emissions. The implementation of a regional foodtealigester facility would result in savings
for Humboldt County in the form of lower organic sta disposal fees (tipping fees) and could
save the City of Eureka money in reduced elecyridiiarges. Furthermore, a regional food waste
digester will generate revenues which can be useff$et capital and operating costs of the
facility. A lifecycle cost comparison indicates thie cost of developing and operating a food
waste processing facility is competitive with tlestof in-vessel composting and less expensive
than that the cost of continuing to haul the sarast@to the landfills over a 20-year time
horizon.

There are many co-benefits associated with eshabdjsa local food waste processing
facility. First, this facility will re-direct monig spent on out-of-county disposal back to
Humboldt County. For example, Humboldt County cnotiserealizes no benefit from the sales of
electricity derived from the landfill gas at thedtills that receive the County’s food waste.
Second, generators of other organic waste streamalso benefit from the convenience and
lower cost of local processing and dispdsah this analysis, the additional organic waste
streams considered include fats, oils, and grealgected from sewer from the manufacture of
biodiesel, and cheese whey from a local factorgpeing goat chee<& Finally, building a food
waste digester facility will create local jobs, addmboldt County’s waste management system
will become less vulnerable to fluctuations in gnee of diesel fuel.

The following sections outline key components @& thasibility study analysis, including
the costs and benefits of developing a regional fwaste digester facility in Humboldt County.

8.1 Scenarios for food waste collection levelsHumboldt County

Four food waste collection scenarios were evaluetetbtermine the economic viability
of the food waste digester facility. The first tArgcenarios are based on collecting different
portions of the total commercial and industrialdogaste available in each of the cities in
Humboldt County, and in the Unincorporated Coumigaa. The fourth scenario examines the
total regional potential and includes residentiakte. A full description of the sources and
guantities of these wastes can be seen in Appéndix

" As an example, Footprint Recycling and other wasteollection companies haul the fats, oils anéage (FOG)
(~295 miles) to the San Francisco Bay area or iodCICA for processing and disposal. Lower costsifaste
grease haulers could also result in lower costsefstaurants and facilities that require wasteggeallection.

8 See Appendix | for a list of other sources of migavaste available in Humboldt County.
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The organic waste resources that contribute to efttte four scenarios are Humboldt
County’'s commercial food waste, including FOG oatkel from local restaurants, glycerin from
the manufacture of biodiesél,cheese whey from goat cheese manufacturing, &d th
commercial food waste in the Del Norte County wasteant’ Table 8.1 shows a summary of
the tonnage of food waste and other organics teat wsed to size the system and estimate the
costs and benefits of a regional food waste digéstdity in Humboldt County.

Table 8.1 Commercial sector food waste collectioenarios

Scenario 1 — Low food waste collection S M
day year
Total tons per year commercial food waste only 7 872,
Total tons per year commercial and industrial fa@ste 13 3,417
Scenario 2 — Medium food waste collection 1B s
day year
Total tons per year commercial food waste only 19 ,884
Total tons per year commercial and industrial fa@ste 25 6,429
Scenario 3 — High food waste collection t(éns / s
ay year
Total tons per year commercial food waste only 3( , 756
Total tons per year commercial and industrial fa@ste 36 9,360
. . . . tons / tons /
Scenario 4 - Regional potential food waste colleotn d
ay year
Total tons per year commercial and residential foadte 61 15,826
Total tons per year commercial and industrial fo@ste 67 17,549

The only varying factor between the low and medgg@narios is an increase in food
waste collection from the commercial sector. Atlingh level of waste collection, both the
amount of food waste and FOG increase. The lattdue to the expectation that some of the
other waste oil haulers in the county will choaseitilize the local processing facility instead of
hauling this waste to Chico or the San Franciscp &8aa.

It should be noted that the initial feasibility @yincludes food waste from the
commercial sector and known sources of industaels wastes only. The commercial sector

" Quantities of FOG and glycerin available for prssieg were obtained directly from Andy Cooper, Omofe
Footprint Recycling via personal communication 208, and updated August 2009.

8 The Del Norte Solid Waste Management Authority (BWMA) issued an RFP in 2008 for “processing and
marketing” their organic materials (DNSWMA 2008eBarios two through four include a capture ratésofo
90% of the 1,520 tpy of organic waste based orafiseimption that on account of DNSWMA's organicpesing
RFP, the waste management agency and communigjraegly motivated to divert food waste from the tewas
stream.
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was chosen as a starting point due to the smallaber of collection points required for
collecting a highly concentrated source of foodt@a®nce the digester facility is in place, it is
likely that the availability of a low cost, localaste disposal option for organic waste will result
in the eventual inclusion of residential waste afi.w

The “Regional potential” scenario is included hasea reference point for the volumes of
waste and resulting benefits that could be accifube project were to include residential waste,
as well as additional sources of FOG and otherstréid waste such as fish processing waste.
These additional volumes would result in lower sdstthe rate payers, as a greater portion of
the annual costs would be met by revenues fronggrsales instead of tipping fees.

8.2 System sizing

The main components to be sized in the systemhardigester tanks and the
preprocessing equipment and building. Digester tanikme can be estimated using the quantity
of food waste collected and the rate at which toelfwaste can be loaded into the digesters for
sustained microbial processing of the wé&st list of organic loading rates that have beerduse
to successfully digest food waste in wet systemsbeaseen in the Methods section (Appendix
Q). The estimated digester volume for the firseéhscenarios is 500°t1L. 7,700 ft), 1000 ni
(34,300 ff), and 1,400 rh(48,000 ff), respectively. A tank with a working volume o6@0 n¥
(51,500 ff) would therefore be sufficient for the first phasehe food waste digester facility.

Dry or high solids digestion technologies may regjless digester space due to decreased water
levels. If a dry system is chosen, the volume efdlgester tank can be substantially reduced; in
dry systems less water is added to the waste ameftite less total volume is needed.

The estimated footprint of the preprocessing bodds 25 m x 25 m (80 ft x 80 ft). The
total floor space is based on the footprint requeats of the pre-processing equipmepgce
for an office, break room, and reception area,taedspace needed for trucks to maneuver
during food waste delivery. The pre-processing @aggin chosen for this analysis is based on
density separation. This process was chosen betasseiccessfully used to remove
contaminants out of municipal food waste at the &anvaerobic food waste digester facilities in
Toronto, Canada. The footprint allotted to denséparation equipment is based on the BTA
density separation equipméitThe office space is based on sample floor plansfinicipal
offices that are Americans with Disabilities Acadbss (ADA).

81t should be noted here that the nominal solid&ience time of 20-25 days is imbedded in the lupdates.
82 Information about the density separation pre-pssitey equipment was provided in a cost estimateiged to
HWMA in December of 2007 by Canada Compostingngsal distributor of the BTA hydropulper technology.
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The space needed for receiving the food waste megjai“hammer head” truck
turnaround. This space requirement was estimated tise fire truck hammerhead turn
dimensions from the Life Safety Code of the CityEofreka®’

8.3 Major costs

The major costs associated with developing a foaste&vdigestion project are the
receiving and pre-processing building (includesaessystem and odor control equipment), the
digester system equipment, and the auxiliary eqair{front-end loader and co-generation
equipment). The estimated costs for the high westection scenario are shown in Table 8.2.
This scenario was selected because it reflectirdtigphase design target for the facility. The
detailed costs and sources of the estimates caadyein Appendix G. The contingency cost
includes installation and other unforeseen costs.

Table 8.2 Major costs of anaerobic digestion adQ0 tons / year scenario

Major Costs $
Operations building, scale & odor control system 16800
Digester system $4,300,000
Auxiliary equipment $270,000
Permitting $250,000
Engineering $110,000
Facility development $200,000
Program design $60,000
Sub total $6,000,000
Contingency (30%) $1,800,000
Total $7,800,00(

8.4 Pre-processing and processing equipment

Pre-processing is needed to prepare the food i@stigestion. Pre-processing steps
include receiving the waste, removing the contamtsiaand homogenizing the material
(grinding). The specific equipment for pre-procagsilepends on the characteristics of the
feedstocks going into the digester, the digestdtelogy chosen, and the design of the waste
collection program. This section describes thegroeessing building and major components
included in the analysis.

8 A Hammer head turnaround is one in which a truark enter, back up at a right angle to unload, tiare
forward making another right angle turn to exitnfrthe same point of entry. This information wasvided by City
of Eureka Engineer Kurt Gierlich via personal conmication December, 2007.
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The pre-processing building will house the wastievdey area, the pre-processing
equipment, an office, a lab space, and odor the@oequipment. The pre-processing facility
design includes one 50ft scale with two card-re&desks. This enables a truck to enter, weigh,
back into the receiving bay, drop off the food weashen pull forward and leave via the same
scale with a card reader to record the exit weighé weight records will be used to track food
waste diversion and greenhouse gas emissions redsiédr each jurisdiction.

Pre-processing municipal food waste streams itaively new phenomenon, and as
such there are a variety of treatment train teamothoices. Further, the technology chosen
depends greatly on the quality of the waste feettstis well as the digester technology chosen.
The grinding and contaminant removal equipment ehdsr this analysis are the density
separator and grinder equipment currently availahléhe market.

The odor control system consists of blowers thatonee the foul air from the pre-
processing building and move it through bio-filteFae basic concept of bio-filtration is to have
odorous air flow through media that provide a stastsupporting microorganisms. Bio-filters
can be in the form of cylinders or beds of woodshfmished compost, or other packed media.
Organisms that consume, or degrade, the specifimad compounds in the air stream
accumulate on the media and multiply. As the arassed through the bio-filter, the organisms
consume the volatile organic compounds that cadsesand the air is de-odoriz&4.

The total digester costs are based on the volumeresl to process the quantity of food
waste collected at each scenario. The economigsisahcludes prices for processing
equipment such as pumps, mixers, screens, andtestion equipment. Firms with experience
building this type of project provided engineerenyd permitting cost estimates. Finally, the
analysis includes a 30% contingency factor to grdte unforeseen costs and installation.

8.5 Operation and maintenance costs

For this analysis the total operation and maintead@&M) cost estimate is $340,000
per year. This number is based on known annualdeegll as estimates for labor, insurance,
and equipment maintenance. This value was compar@d&M cost estimates generated in a
2008 Statement of Interest (SOI) solicitation fdr2a000 ton per day food waste digester system.
The average O&M cost estimates from the vendors bponded to the SOI was $350,000 per
year, differing from the HWMA facility estimate 810,000 (SMUD, 2008). The size of the
system proposed in the SOI is slightly larger ttrensystem proposed for Humboldt County
(12,000 tons/year vs. 10,000 tons/year), and thexe¢he estimated O&M value used in this
analysis was determined to be reasonable. Thi®eadescribes the O&M cost estimate
components. See Appendix H for an itemized lighefannual O&M costs.

8 The odor control system used in this economicyaimlas sized by Bay Products, Inc., odor corspekialists.
A description of bio-filtration systems they offesin be found at their website: http://www.bayprodihird-

page/26
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The O&M cost calculation includes the known permgtfees for solid waste facilities as
well as wastewater disposal permits. Labor changgs estimated using the existing employee
wage levels at the wastewater treatment plant ahiW&VA. The initial workforce will include
three facility operators and one superviSoks the project expands, the number of employees
will expand accordingly. The operators’ duties wiltlude initial load inspection for
approximately eight to ten truckloads per 8&gperation of pre-processing equipment, and
monitoring the digester performance on a daily, kikeand monthly basis. Daily testing includes
the measurement of G@Qas concentration (an indicator of the £3}4s production), pH, and
temperature. Weekly sampling and lab testing oirthet and outlet sludge will give an
indication of the volatile solids destruction eféncy. Monthly testing will include measuring
the HS gas concentration. In addition to these teseradprs will be responsible for monitoring
the performance of the gas treatment equipmenttenddor control equipment as well as
responding to, and keeping a record of, odor comisla

Insurance costs were assumed to be equal to thekinsurance costs associated with
operating the HWMA Hawthorne Street transfer statlquipment maintenance costs are
assumed to be $0.02 per dollar of initial equipnuast. Residual solids management costs come
directly from the current compost processing castte HWMA Mad River compost facility. It
should be noted here that not all costs listed dibelincurred by the food waste digester
facility. For example, the cost of residual managetimay not be needed if the residual is sold
and processed into liquid fertiliz&f.

8.6 Energy, Savings, and Revenues

Food contains calories, or energy captured fronsthme that we use to run our bodies.
One of the primary goals of this project is toimélthe energy bound up in the food that is
disposed to offset the costs of processing thigevd$e revenues derived from the sales of
renewable energy were estimated by calculatingutheunt of electricity that could be generated
from anaerobically digesting the food and otheaorg wastes in the region.

The energy potential of this project could power dguivalent of over 350 typical
California households per ye&rAs the project grows to accept additional foodcpssing
wastes and/or residential food waste, the renewai®egy generation will also increase. Table
8.3 shows the energy production potential relaivmcreasing food waste collection for the

% This estimate assumes each employee is workimg liours per week.

% City Garbage Company of Eureka (Recology) gavalaevfor 6,000 pounds (three tons) per truck fodfavaste
collected in a rear loading garbage truck (Wise®0UThe eight to ten loads per day estimate isasehe
quantity of food waste collected daily at the higgenario and intermittent FOG pumper truck delagri
8”HWMA has already been contacted by Eco Nutriemtigjuid fertilizer manufacturer in Del Norte Coynfor the
purpose of utilizing the digested food waste residis a feedstock for their product. Under this:ace, an
additional revenue stream can be realized fronséie of the residual, rather than a cost for regdigtocessing.

8 This calculation is based on the average Califohtiusehold energy use of 7,032 kWh per year @ald
Energy Commission 2008).
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four scenarios. Refer to the methods section (AgpeQ) for the calculations that generated
these values.

Table 8.3 Energy Production Potential

Energy Production Potential
. Tons waste per| Ft° Biogas per # CA house
SEENETIe year year e equivalents
Low 3,400 18,000,000 990 140
Medium 6,400 32,000,000 1,800 250
High 10,000 45,000,000 2,500 350
Regional 18,000 83,000,000 4,500 650

The most efficient use of this resource is to pileviieat and power for onsite loads.
Using electricity close to where the loads aretiedaminimizes inefficiencies due to
transmission line losses. The WWTP has an annigabtgctricity deman® of 1,050 MWh that
can be offset in whole or in part by the electyigienerated from the food waste digester project.

In 2008, the WWTP generated 41% (715 MWh) of italtonsite power demand (1765
MWh / year§° with the electricity generated from the existimggeneration system. The
cogeneration system is fueled by the digester gas the two municipal sludge digesters as well
as a small amount of natural gas that the WWTPhases during the coldest months of the
year’! For this analysis, HWMA has assumed that the foaste digester facility will purchase
a 250 kW internal combustion co-generation engiine. electrical energy generated from the
digester gas will be consumed by the treatment péand any excess will be sold to the electric
utility grid.

Because there will still be times of day wherettieatment plant demand is greater than
the onsite supply of electricity, the WWTP will ¢orue to incur demand charges under their
E19vs rate schedufé Demand charges are fees based on the highesgavEsaninute demand
(kW) during each of the peak peridtas well as the highest average 15 minute demaadtoe

8 This is the amount of electricity that the WWTRghases from PG&E annually.

% This is the total electricity demand at the WW&Rortion of which is met by the onsite co-generagngines,
and the remainder is purchased from the PG&E grid.

! Natural gas is purchased during the coldest manteapplement the digester gas, needed to rutwtheo-
generation engines simultaneously in order to tieatligesters.

%2j.e., although the remaining net annual electridiémand at the WWTP (kWh / year) can be met byattditional
energy generated from the food waste digestere thél still be daily spikes of high demand thatlwiutpace the
onsite generation capacity.

% High peak purchasing periods are summer weekdays fioon until 6 pm. Partial peak purchasing pesiac:
weekdays 8:30 am until 9:30 pm with the exceptibhigh peak pricing hours during the summer weekd&jff
peak periods are 9:30 pm to 8:30 am all days. Etégtrates correspond to the time of day duehmlevels of
demand placed on the grid during those times. PG& schedules can be accessed at:
http://www.pge.com/tariffsS/ERS.SHTML#ERS
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entire day. This charge is in addition to the ckarfpr actual electricity use. For example, of the
$129,332 paid in electricity charges in 2008, 28#8(443) came from to demand charges. The
electricity generated from the food waste biogasrealuce the demand charges at the WWTP.

Table 8.4 shows the potential for demand chargectezhs.

Table 8.4 Estimated annual savings from reduced [mads

Scenario Reductions in annual
Demand Charges
Low $5,000
Medium $18,000
High $25,000
Regional potential $28,000

According to the economic model generated for dnialysis, if the project receives a
minimum of 5,400 tons of mixed organic waste paryéhe entire electricity demand at the
WWTP facility will be met. This can be seen in FHig.1. Once the food waste derived
electricity exceeds the WWTP demand, the excestrigiéy can then be exported to the PG&E
electricity network. As of March 2008, PG&E is ré@a by the California Public Utilities
Commission (CPUC) to offer a feed-in tafiffor Standard Contract for Purchase, for excess
electricity produced at publicly owned wastewateatment plants or other renewable electricity
generation facilities.

% A Feed-in Tariff is a fixed price paid by the ittés for electricity fed into the grid ($ / kWh).
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Figure 8.1 This figure shows the electricity gextien potential as a function of diverted food
waste. The intersection of the blue and red lisghe quantity of food waste that needs
to be collected in order to meet the remaining dedret the EIk River WWTP.

The rate offered for the electricity is based dviarket Price Referent, which is the
avoided cost of obtaining electricity from a natgas turbine combined-cycle generator. A
more detailed description of this feed-in tarifhdae found in Appendix I. Current rates for
selling electricity back to PG&E can be seen inl&&h5. For comparison, the PG&E Large
Commercial (E-19vs) rate schedule is included inl&8.6.

Table 8.5 Rates paid for renewable electricityifed the grid

Feed-in Tariff ($ / kWh)
Super-Peak Shoulder Night
. 6a - 12p, 8p-10p m-f; i
Period: 12p - 8p m-f 6a-10p Sa-Su, | lob- 023l cays
NERC including NERC

Jun - Sept. $0.22 $0.13 $0.08
Oct. - Dec.,
Jan. - Feb. $0.12 $0.11 $0.09
Mar. - May $0.13 $0.10 $0.07

% The ‘NERC” holidays are electricity price holidays tleatur on the following holidays: New Year’s Day,
Memorial Day, Independence Day, Labor Day, ThankagiDay, and Christmas Day. Details can be seen at
http://www.pge.com/includes/docs/pdfs/b2b/energpdyiprholesaleelectricsuppliersolicitation/ELEC_ FOBM/9-
1102%20(2009%20MPR).pdf
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Table 8.6 Rates that the EIk River WWTP pays fectecity

PG&E E-19vs rate Schedule Oct. 2009 to present:
Summer On Peak Partial Peak Off Peak
8:30am - 12p, 6p - ) .

May 1 - Oct 31 12p - 6p 9:30p 9:30p - 8:30am
$/kWh $0.15592 $0.10595 $0.08545
Winter Partial Peak Off Peak

Nov 1 - April 30 n/a 8:30a - 9:30p 9:30p - 8:30am
$/kWh $0.09387 $0.08228

When compared to the current rates paid for et@ttrat the wastewater treatment plant,
the feed-in tariff rates paid to renewable energiyegators are ~ $0.03 / KWh more on
a typical summer weekday than the price of puretipfie same amount of ener§yDuring
peak pricing periods, the value of the electrisityd to the grid can be as much as $0.07 / kwWh
more than the rate paid for the same amount ofredigg. During off-peak pricing periods, the
feed-in tariff rate is only ~$0.01 / kWh more th&e purchase price of that same energy.
Considering this pricing scheme (i.e., in ordem@ximize revenues), a gas storage system
should be considered as part of the project devetop’’

The price paid for feeding renewable electricitiithe grid is a key component in the
economics and feasibility of developing digestaijgets. The widespread adoption of food
waste digesters in Europe is partially creditethohigh feed-in tariff offered for renewable
electricity (CIWMB, 2008a). As California and/orettunited States adopt climate change
mitigation strategies, the value of this renewarlergy is likely to rise, and, consequently, the
economic feasibility of this type of project withprove.

The effect of adding electricity generation capatitthe WWTP system was modeled
using the annual electricity demand data from theeEa Elk River wastewater treatment plant.
The WWTP demand profile data and PG&E’s E-19vs sateedul® (Table 8.6) were used to
determine how much the WWTP paid for every 15 neaudf electricity demand throughout the
year. These costs were then adjusted to refleghtiieased onsite electricity generation from the
food waste digester gas. The increased onsiterieigcgeneration was estimated by dividing the

% Electricity charges used in this analysis are thasethe PG&E E-19vs Large Commercial rate schedule

" Gas storage would allow for the maximum amourgrErgy to be sold to the grid during the peak pgci
periods.

8 Data used in the analysis included two years aithig average and total annual usage provided é¥tireka
Elk River WWTP, as well as one year of 15 minuterage demand (at the WWTP) provided by PG&E.

% The WWTP is billed for electricity under the PG&BErge Commercial rate schedule E19vs. This ratedidi
includes a demand charge, an electricity use chargka flat-rate customer charge. The electrigsty charges vary
based on the time of day. Electricity is more exgdnduring the periods of highest peak demandermtid
(weekdays from 12pm until 6pm), and least expendiwing off peak (lowest) demand periods (i.e.httigne,
9:30pm — 8:30am).
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annual net electricity generation potential evenlgr 15 minute intervals throughout a year,
assuming constant generation. The cost or revessoeiated with each 15 minute interval
throughout the year was then modeled using the owtibn of demand data and generation
potential. For example, if during a given 15 mirsutiee treatment plant’s demand is greater than
the total supply, then the applicable Time of Uste was applied to the remaining demand for
that time period. Conversely, if the total supptgeeds the WWTP demand, then the feed-in
tariff rate was applied to the excess power gamg the utility grid. At the end of the year, the
charges and revenues for each 15 minute pericsuanened, and the net revenue or remaining
electricity charges are quantified. The revenuasthn be generated from the sales of renewable
electricity to the WWTP and PG&E can be seen inl@8br.

Table 8.7 Estimated revenues from renewable @dygtsales

Revenues from sales| Revenues from excess
Scenario of electricity to electricity sales to the
WWTP ($/year) PG&E grid ($/year)
Low $74,078 $0
Medium $105,046 $31,773
High $105,046 $92,771
Regional $105,046 $264,405

At all but the lowest level of food waste collectjdhe remaining electricity demand at the
treatment plant can be met, and revenues from raplevelectricity sales to the utility can be
realized.

8.7 Economic analysis

The economic feasibility for the regional food weadtgester is based on the cost per ton
to process the waste ($/ton) as well as the ovewal of the facility over the 20 year planning
horizon. The assumptions used in the analyseddhaiv can be seen in Table 8.8.
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Table 8.8 Key economic assumptions for the proghosgester system

Description Value
Planning horizon 20 years
Discount rate 5%
CPI1 10 yr. avg. inflation rate 2.6%
Avg. 20 year fuel escalation rate 2.5%
O&M cost™ $34 / ton
Implementation contingency factor 30% of total talpi
Average electrical power cost to WWTP ($ / kWh 130.
Tipping fee brown grease and grease trap waste $0.15
Solids management cost ($ / tof) $41

Another factor that influences the feasibility @wloping a regional food waste digester
facility is the savings in the form of reduced Iatigtance hauling charges. These savings will be
a net benefit to the community as they will helstabilize waste management rates through
decreased vulnerability to fuel price fluctuatiombe sections that follow describe the results of
the economic analysis that was used to determaéetisibility of developing a food waste
digester facility compared to other waste managé¢mjgtions.

8.8 Waste Disposal Fee (Tipping fee)

A tipping fee is the cost required to dispose wakteomparison of the current HWMA
waste disposal tipping fee to the tipping fee aisded with the food waste digester facility is
shown in Table 8.9. In the high collection scen#én® digester project is feasible compared to
current landfilling costs. The high scenario isreffiere the target base collection volume for all
other comparisons.

190 This value was generated as part of this anafygiscan be seen in Appendix H.

191 This value is the current rate for processing Fd@e EBMUD facility. Current rates can be seen at
http://www.ebmud.com/our-water/wastewater-treativeagtewater-treatment-programs/wastewater-ratesgeba
and-fees#trucked%20fees

192 Thijs fee is based on the current compost proogssist at HWMA’s Mad River Compost facility.
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Table 8.9 Comparison of the tipping fee requideet annual costs at the digester facility vs.
the current cost to dispose waste in Humboldt Go(#iton).

Tipping fee food Tipping fee with Current tipping fee
Scenario waste digester | HWMA county-wide for franchise
($/ton) fees ($/ton) haulers ($/ton)
Low $290 $317
Medium $132 $159
High $95 $122 $129
Regional $63 $90

The Hawthorne Street Transfer station tipping fe&t includes the cost of hauling and
disposing waste at the Anderson and Dry Creek idhlso included in this fee is the cost of
operating the transfer station including overhéasljrance, labor and “county-wide fees;” these
are fees designed to cover illegal dumping andevastuction programs, such as hazardous
waste and electronic waste disposal.

Included in the tipping fee for the Food Waste Bige project is the amortized cost of
the initial capital investment and the annual ofiegacosts including overhead, insurance and
labor. As the project scale increases beyond S@@0per year of organic waste, the digester
facility tipping fee is lower than the fee for camtional waste disposal. For comparison, two
food waste digester facility tipping fees are showame that shows the cost to process the waste
only, and one that shows the cost if County-widssfare included. It is not clear whether
HWMA will add all or any of the additional countyiae fees to the food waste digester tipping
fee as the fees are used to fund waste diversagrgms, and the food waste digester is a waste
reduction program itself.

The following revenue streams were not includeeliiher the lifecycle cost or the
tipping fee calculations due to commodity marked pricing uncertainty:

* Revenues from the sale of liquid fertilizer
* Revenues from compost sales
* Revenues from carbon credit sales (this will bd@egl in the next section)

Although they are not included in this analysishbuld be noted that the residual
digested solids and liquids can be converted intalae-added fertilizer, and can generate an
additional revenue stream that will help to keeprall tipping fee low. The revenues to be
gained from the sale of this product depend orctsts of processing and the market value, both
of which will be factored in as the project proges. Another revenue stream could be realized
from the sale of carbon offset credits. This tod depend on the market value when the project
is operational.
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8.9 Life Cycle Cost Analysis

The purpose of a life cycle cost analysis is to gara two or more options based on the
total cost of each option over the same planningzbn. This analysis compared the lifecycle
cost (LCC) of the proposed regional food waste steggefacility to the lifecycle cost of in-vessel
composting and continued hauling of food wastée&landfills. The LCC analysis assumes
10,000 tons per year organic waste collection, fie high collection scenario), a discount rate
of 5%, and a planning horizon of 20 years.

The results of the analysis indicate that the mgjifood waste digester has a lower
lifecycle cost compared to in-vessel composting thedousiness-as-usual case. In-vessel
composting is also less expensive than long disthaaling, but is more expensive over the
lifecycle than anaerobic digestion. The latter teisuidue to the higher operation and
maintenance costs associated with in-vessel comgass well as the recurring annual diesel
fuel and electricity costs. Long distance haulimthie most expensive option due to the heavy
reliance on diesel fuéf?

Included in the life cycle cost of the food wasigedter option are the capital cost,
annual operation and maintenance costs, and palteeNenues from energy sales and liquid
waste tipping fees. The in-vessel composting LCG based on the average capital cost,
operation and maintenance cost, and equipmentyedergand values provided to HWMA in
response to a request for information (RFI) foD2000 ton per year in-vessel composting
facility (HWMA, 2010). The LCC analysis for the bness-as-usual case is based on the
HWMA solid waste hauling contract. The cost of veasauling in the future increases with fuel
costs using the 20 year average fuel escalatierfoatiesel fuet® Landfill disposal fees of
$24/ton and the transfer station processing c888.87/ton) are also included in the total cost.

For comparison to the anaerobic digestion casendjer costs of in-vessel composting systems
can be seen in Appendix J. The in-vessel compo&fi(g analysis based on these costs can be
seen in Appendix K. The anaerobic digestion LCClmasseen in Appendix L, and the business-
as-usual LCC analysis can be seen in Appendix orparison of the results from these
analyses is shown in

Table 8.10 8.10.

193 currently fuel charges constitute 32% of the tetaste disposal cost in Humboldt County; the césiaste
hauling is therefore directly impacted as fuel soite.

194 Historic and current U.S. fuel prices can be aseésit the U.S. Energy Information Agency website:
http://www.eia.doe.gov/emeu/steo/pub/fsheets/reaep.xls.
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Table 8.10 Life cycle cost comparison of food weastanagement alternatives with a 10,000 ton
per year capacity.

20 year Lifecycle cost (LCC)
Lifecycle cost of food waste Lifecycle cost relative to
management option long distance hauling
In-vessel compost
facility $14,000,000 -$1,000,000
(Million $)
Anaerobic digestion
facility $9,400,000 -$5,600,000
(Million $)
Business as usual:
haul to landfill $15,000,000 n/a
(Million $)

Both in-vessel composting and anaerobic digestarea lower lifecycle cost compared
to long distance waste hauling. Therefore, manafging waste via either form of diversion will
benefit Humboldt County ratepayers over the lomgté his is mainly due to the offset cost of
long distance hauling. In the case of anaerobiestign, the lifecycle cost is further reduced by
revenues accrued from renewable energy sales.

Furthermore, the results indicate that the ovdifattycle cost of solid waste management
in Humboldt County could be reduced if a local fawalkste diversion facility is established. The
overall lifecycle cost comparison can be seen inld8.11.

Table 8.11 Total Lifecycle Cost comparison of Hahab County waste management strategies.
The first two strategies include a 10,000 ton p=aryfood waste diversion program in
addition to hauling the remaining waste streanh&landfill (i.e., business as usual).

20 year Lifecycle Cost

Total LCC of Humboldt County
waste management strategy (3§

$105,000,000

N

In-vessel compost facility +
haul remaining waste to landfill
Anaerobic digestion facility +
haul remaining waste to landfill
Business as usual:
haul all waste to landfill

$100,000,000

$117,000,000
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Diverting and locally processing the food wastetiparof the waste stream can help to
stabilize waste disposal rates over time by thecmd the County’s vulnerability to the
increasing cost of fossil fuel. As the cost of fingdreases, the cost of hauling waste to the
landfills also increase’$> Although it is difficult to predict the exact radé increase for future
fuel prices, the inevitable peak in global oil slypgoupled with a rising global population and
economic expansion ensure that fuel prices wiltiooie to rise at an increasing rate over time.
Therefore, the fuel escalation rate used to caleute life cycle cost of the business-as-usual
waste management strategy may prove to be conservat

In general, all fossil fuel derived energy prices projected to rise over time. As this
happens, anaerobic digestion of food waste became=asingly economically attractive while
composting and long-distance hauling become reltimore expensive. However, as long
distance hauling requires large amounts of fuelmamed to the composting, the increase in
overall cost is much greater for the business-aglugaste management strategy.

8.10 Savings resulting from local waste procgiag

Processing food waste locally will result in fev@ng haul trips (380 miles roundtrip) to
the landfills in Medford, OR and Anderson, CA. Ealtk hauls 21 tons of waste and has an
average fuel efficiency of 4.6mpg. The annual sgwifnom reduced hauling as a result of
diverting food waste can be seen in Table 8.12s&lamnual savings are factored into the
digester and in-vessel composting lifecycle coslyames as the offset truck trips will reduce the
overall cost of solid waste management in HumbGloitinty.

Table 8.12 Annual savings from avoided long-hautking

Food Waste i offget Hauling
. truck trips :
Scenario only Jyear savings
(tons/year) (long haul) ($lyear)
Low 1,872 89 $62,000
Medium 4,884 233 $160,000
High 7,756 369 $260,000
Regional 15,826 754 $520,000

1951n order to determine the future cost of waste ag@ment under the business-as-usual scenario, HWMA
assumed that over the next twenty years diesepfiegs will increase at the same rate as the2lagear average
(2.5%). The average annual increase in dieselpitiets (fuel escalation rate) can be calculatedguie data
available from the U.S. Energy Information Admingdion’s historic fuel prices database:
http://www.eia.doe.gov/emeu/steo/pub/fsheets/readep.xls
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Reduced long-haul trucking will also help to redtioe carbon footprint associated with
managing Humboldt County’s solid waste as discugsdue next chapter.
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CHAPTER 9. GREENHOUSE GAS EMISSIONS
AND RELATIONSHIP TO AB 32

This food waste diversion project will reduce greemse gas emissions (GHGS) in three
ways. First, carbon dioxide (GPemissions will be reduced when long-haul truckegeplaced
by local processing. Second, €@missions will be reduced from avoided grid eleitir as a
result of generating renewable electricity. Finallgcontrolled methane emissions will be
avoided when food waste is diverted away from ldisdiThe avoided landfill methane
emissions are not only the largest reductions @ssatwith this project, they are also a highly
verifiable (therefore valuable) form of carbon etfshat can be sold on the carbon market.

The Chicago Climate Exchan§®and the Climate Action Registfi/ have established
protocols for quantifying emissions reductions agged with avoided landfilling. Under these
protocols, carbon offsets are spread out overyed0 period of time in order to reflect the
natural decay rate of organic materials in lansifilé well as the landfill gas capture rate (CCX,
2009; CAR, 2009). These protocols assume thah#ofirst three years, while landfills cells are
still open and before gas collection systems apdane, nearly all of the methane generated is
released uncontrolled into the atmosphere. Fofdlowing seven years, a 75% landfill gas
capture rate is applied to the remaining gas flG@X, 2009; CAR, 2009). The potential
emissions reductions associated with food wastergid from landfills can be seen in Table 9.1
below. All emissions reductions are shown on ayar basis for comparison.

Table 9.1 Greenhouse gas emissions reduction fdtassociated with the Food Waste
Digester project

Offset carbon
emissions from
avoided landfill gas
generation
(MTCO ,e/10 years)*®

Offset carbon Offset carbon
emissions from emissions from
avoided trucking | avoided grid power
(MTCO ,€e/10 years)| (MTCO ,e/10 years)

Scenario

Low 790 1,910 9,700
Medium 2,050 3,490 25,300

High 3,260 5,170 40,200
Regional 6,650 8,300 82,020

1% The Chicago Climate Exchange (CCX) website istledat:_http://www.chicagoclimatex.com/

97 The Climate Action Registry (CAR) website is laedat:_http://www.climateregistry.org/

1% This estimate is based on the CAR protocol beciis@ more conservative value (0.692 MT£®ton food
waste vs. 0.794 MTC# /ton food waste (CCX).
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These reductions would enable all participatingsflictions to reduce their overall
carbon footprint as required by AB 32, The Califar@lobal Warming Solutions Act (2006).
This act requires the State of California to redcexdoon emissions to 1990 levels by 2020. This
will require a state-wide reduction of 169 milliaretric tons of C@equivalent (MMTCQe)'°
by the year 2020 (CARB, 2008y’ Under the proposed scoping plan recently relebgete
California Air Resources Board, the waste sectooants for 1% of California’s GHG
emissions (CARB, 2008). The recycling and wastéoses expected to reduce emissions by 1
MMTCO.e by 2020 through increased landfill methane captamd an additional 9 MMTC@
by 2020 from other measures in the waste and negysector including anaerobic digestion
(CARB, 2008).

There is a great potential to help meet the AB B33 eduction goals through organic
waste diversion. For example, if 100% of the foabte in California is diverted from landfills
annually (and anaerobically digested instead)e#ienated emissions reduction potential is 32
to 37 MMTCQOe over 10 years (CAR and CCX respectively), or apjpnately 2% to 3% of the
annual AB 32 emissions reduction target (169 MMTEOyear). These calculations can be seen
in Appendix N and O. Although the potential gaira the waste sector may seem small upon
first glance, one must remember that ambitious @Hssions reductions goals will only be
reached through the aggregation of sustained emnsseductions from all sectors and across all
systems. The emissions reductions from reducecthetmiles traveled (avoided hauling) and
offset fossil fuel use will augment the local eross reduction impact of this waste
management policy shift.

As carbon emissions caps are implemented in theetdditates and California, the value
of carbon credits* will become more established. Currently, therevatantary markets such as
the Chicago Climate Exchange, the Regional Greesth@as Initiativé’?and the Western
Climate Initiative’*® The prices in these markets are currently aronti$$2.07 per metric ton
COse (as of April 2010). In the European Union, whamandatory program exists, the value of
a carbon offset credit is $20 per metric ton,€(as of April 2010) (CCX, 2010). The future
revenues from carbon credit sales will depend ersthucture of the emerging markets, but the

199 The unit MMTCQe is used because carbon emissions can be from diffenent gasses. Because the most
prevalent GHG is carbon dioxide, all other gasescanverted into COequivalents (based on their relative climate
forcing potential) for accounting purposes. Forragke, methane (CHiis considered to be 25 times more powerful
than CQ, therefore, 1 metric ton of methane is equivalers5 metric tons of CO Additionally, the units for

carbon accounting are in metric versus imperialsyind therefore the pounds of Cfde converted into metric
tons in order for carbon markets to use a unifocooanting system.

10 This emissions reduction target is based on aption that future emissions will be 596 MMT@per year
under the business-as-usual scenario. The Calféin Resources Board developed a target of 427T\IKb.e per
year by the year 2020. Therefore, a total reduafoh69 MMTCGQe is required to meet this target.

11 A carbon credit is a financial instrument represgngreenhouse gas emissions reductions. One rariedit
represents the reduction of one metric ton op.@Mder a cap-and-trade system carbon credits eaold by those
firms which can reduce GHG emissions to firms whedto purchase reductions in order to meet a filoesc

upper threshold (cap) of emissions.

12The Regional Greenhouse Gas Initiative websitedated at; http://www.rggi.org/co2-auctions

3 The Western Climate Initiative website is locasedhttp://www.westernclimateinitiative.org/
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estimated revenues shown in Table 9.2 indicat@dential revenues that could be derived from
this project assuming the mandatory program’s pgicil his potential revenue stream could help
to reduce the tipping fee required to process acgaaste. However, as the U.S. carbon market
is still nascent, these revenues were not inclildélde economic analysis.

Table 9.2 Estimated revenues from carbon emissifisst sales derived from food waste
diverted from landfills via the digester projectalMes in red represent GHG reductions.

Potential revenues from sales of carbon offset cred: 10,000 ton / year facility
Project GHG|  Avoided revF:e?ltSQ:?:om
emissiors: GHGs: Total GHGs: sales of
Diesel fuel | Landfilling | over 10 years .. "«
over 10 years over 10 years| (MTCO.e) credits
(MTCOz) | (MTCO€) ($ /10 yrsj**
Anaerolc digester
(Ibs. CQ/ 10 yrs) 812 oo oo P1056459

Diverting food waste away from landfills is an eoarically viable and socially palatable
way to substantially reduce greenhouse gas emssfohigh level of diversion can be achieved
with progressive policies such as the Europeamobasrganics from landfills or mandated
organic waste separation such as in the citieoodito and San Francisco. In California,
CalRecycle recently adopted Strategic Directive wHich calls for 50% diversion of organics
from landfills by 2020. Given the potential impact greenhouse gas emissions and waste
disposal, it is possible that this directive coofge day become state law.

14 Based on the current European market price fdyaraoffset credits ($20 / MTG®) (CCX, 2010).
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CHAPTER 10. CONCLUSIONS AND RECOMMENDATIONS

A regional food waste digester could serve as amgie of, and living laboratory for,
the development of food waste digesters in NortreAoa. Information about project
permitting, costs, operating parameters, and eadyats would be available for the purpose of
evaluating food waste diversion programs in otlmenmunities. The facility itself will serve as a
model for the regionalization of waste processauglities to address the diseconomies of scale
often experienced by rural communities. This facwvill directly serve Humboldt County by
increasing waste diversion from the landfills, gatiag renewable energy, and reducing the
fiscal and environmental costs associated with evastnagement.

The origins of this project lie in the need forneased landfill diversion. Twenty years
after the passage of AB 93%, Californians have successfully reached 54% wasgrsion from
the landfills (CIWMB 2009a). While this achievemeapieaks to the efficacy of well crafted state
and local mandates, the total quantity of wastdfiked continues to grow (CIWMB 20094)°
The continued increase in the overall quantity aét& going to landfills indicates that the
current waste diversion efforts have merely absbthe increase in new waste generation.
Increasing levels of waste in landfills not onlgates increased air and water quality hazards,
but it also represents a systemic loss of resowmee®nergy’’ In order to achieve the goals of
long-term, sustainable resource use, it is necgssatevelop the infrastructure and policies that
will enable increased waste diversion from lansfill

Food waste diversion is a tremendous waste reduopportunity. First, food waste is a
large portion of the remaining disposed waste siraad is high in energy content. Second, large
scale diversion of food waste will enhance the theafl the environment. This waste can be
processed to produce soil amendments to returmblunutrients to the local soils. Diverting
food waste will also reduce leachate formatioraatfills, and will reduce volatile organic
carbon and greenhouse gas emissions in the atnresphe

Several food waste diversion options were explagthg the course of this feasibility
study including food banks, pig farms, composteng] anaerobic digestion. The first two of
these options were found to be limited in capasitgreas anaerobic digestion and composting
were found to be properly scaled for handling latgeal volumes of post-consumer food waste.
Both processes produce a stabilized soil amendrenthey differ in terms of the energy that is
released during waste decomposition. The prinadsinction between composting and

15 CA AB 939 (1989) mandates all California jurisibets to divert 50% of their solid waste away frandfills.

16 The increase in total statewide tonnage appedrs mimarily driven by increasing population. Téekta can

be seen on the CalRecycle Statewide Per CapitaoBasjRate Statistics page which can be found at:
http://www.calrecycle.ca.gov/LGCentral/GoalMeashisposalRate/default.htmThe data show that the per capita
disposal rate has decreased over time, yet thelggapuhas steadily increased over the same penotgasing the
overall waste generated and disposed in California.

17 For example, energy and raw materials can be dayéabricating new products out of recycled mateti
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anaerobic digestion is the ability for anaerobicnmorganisms to produce biogas (renewable
energy) from decomposing food waste instead of. liegtential revenues from the sales of
renewable energy can be used to reduce projed. cdss analysis showed that anaerobic
digestion and composting both have a lower lifegeydst and produce less greenhouse gas
emissions compared to landfilling. The comparisetwieen anaerobic digestion and composting
indicates that anaerobic digestion requires leasesgdess time, and has more control over
emissions compared to composting. Although conpgsétas a lower initial investment, the

long term operational costs are higher than thésdos operating a digester. This is in large part
due to the energy inputs required to run the commupsnachinery. For these reasons, this
feasibility study focuses on the economic viabibfyestablishing a food waste digester facility

in Humboldt County.

The main costs associated with developing a focstevdigester are the pre-processing
equipment and building, the digester, and the wdd required to operate the facility.
Revenues from tipping fees, the utilization of tiegas, and the sale of soil amendments can be
utilized to balance the annual costs of amortiratiod operation of the anaerobic digester
facility. In the near future, an additional reverstikeam may be realized from the sale of carbon
emissions offset credits; as California and thetéthBtates develop a cap on carbon emissions,
this revenue stream will become more valuable.

The economic analysis indicates that food wastiecidn and digestion at the target
scale (10,000 tons / year) would result in a lolifecycle cost and disposal fee when compared
to trucking waste to landfills 380 miles round tripdditionally, the increasing future cost of
waste disposal, as well as the impact of fluctggfurel prices, can be buffered by the stable cost
of a waste management local. Moreover, a regioaatevprocessing infrastructure will benefit
Humboldt County jurisdictions as it will enable théo increase or maintain diversion levels and
avoid fines associated with AB 939 non-compliaridee participating jurisdictions will be able
to collect greenhouse gas reductions credits fdoatl waste diverted from the landfills.

Further, the City of Eureka could save money inftlim of reduced demand charges and
discounted electricity purchases at the Elk Rival/VWP.

The Regional Food Waste Digestion Facility is aparfunity for Humboldt County to
become a leader in sustainable waste managemeserébic digestion of food waste, followed
by composting or land application of the digestsidual, is a socially and economically
feasible way to reduce landfilled waste and greaeb@as emissions while simultaneously
generating renewable energy and improving locaktmp Anaerobic digesters can be located
near population centers where the waste is createtlwill become more valuable over time as
energy prices rise.

Establishing a digester facility will contribute tlee long-term sustainability of the
regional community. There are few opportunitieg #ddress so many needs while
simultaneously generating revenues to offset tls¢ésaaf annual operations. Humboldt County
and California have been the leaders in progreskin&ing and sustainability for many years.
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Developing a regional food waste digester facibtyet one more opportunity to further this
legacy.

10.1 Ancillary Benefits

The following is a list of ancillary benefits in@ition to the direct benefits derived from
this project.

* Reduced costs for waste oil collection:

Fats, oils and grease in the municipal sewer dodledines can cause extensive clogging
which increases the operating costs of the wastwaatment plants. In order to
maintain low costs for wastewater treatment sesyicemmercial kitchens are required
to have grease traps and grease interceptors tminéthe quantity of FOG entering the
collection system. Recently, the California RegloNater Quality Control Board
increased grease trap waste collection requirenagntsndicated that they expect
restaurants to increase grease trap and intergephoping. This increased collection
requirement will result in an added cost of doingibess for the commercial sector.
Currently, the pumped waste oil is hauled over 28@s away to Oakland or Chico,
California. More frequent collection will requiredreased hauling routes between
Humboldt county and central California due to tingtations in pumper truck capacity.
A local processing facility would allow for moreefjuent waste oil collection and
disposal without substantially increasing quantityehicle miles traveled. This
reduction can potentially reduce the cost of digpee commercial businesses, and will
help to maintain low quantities of FOG enteringitite wastewater collection lines.

» Job Creation:
This facility will create new jobs in the waste nagement sector. Jobs at the facility will
be related to the receiving, pre-processing, mangoand post-processing of organic

waste. It is likely that this project will resutt additional local waste hauling jobs as
well. It is estimated that 4-6 new jobs would beated.

10.2 Recommendations for Implementation

The following is a list of recommendations for thevelopment of the regional organic
waste processing facility.

» Develop policy that promotes a relatively clean omnic waste stream:

The pre-processing required to remove contamiraarnde expensive and energy
intense. Maintaining low levels of contaminatiortie organic waste stream is vital for
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keeping facility operation and maintenance costs t@nimum. Policies and collection
programs should be developed to minimize the oveoaltamination level in the organic
waste stream.

» Scale initial digester equipment to handle larger @lumes of waste

This project will inevitably grow and should beeizto handle larger volumes of food
waste. Space should be allocated for future digesbebe added on in parallel in order
for the project to expand to collect waste fromrigidential sector.

e Start with the commercial / industrial sector waste

HWMA and other project developers view the commnadrsector as the best opportunity
to collect large amounts of food waste with thedsticollection routes. Many
commercial generators such as Humboldt State UsityeCollege of the Redwoods, and
area restaurants have already expressed interésv@oping an onsite separation system
to divert this waste. Industrial food manufacturgsinesses such as Pacific Choice
Seafoods, Cypress Grove Chevre, and Humboldt Crgaemne also good candidates for
initial feedstocks into the digester system. HWNAcurrently contacting these
commercial entities as part of an organic wastewe® assessment. The goal of this
assessment is to quantify the organic waste tontmegean be collected from the large
commercial and industrial generators as well aly @alopters. Aggregating these
sources of organic waste will help the facilityocome financially viable.

* 100% availability:
In order to achieve uninterrupted waste diversaailability), it is recommended that
paired digesters be used. Two digesters connectearallel can extend the availability

and capacity of the digester system. This is dubdability to shut down one digester
for maintenance while the second continues to tligaste.
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CHAPTER 11. NEXT STEPS

This opportunity can be realized through a uniteshimunity effort. The next steps to
bring this project to fruition include, but are dimited to, the following:

* ldentify all local organic waste streams:

In order to maximize the efficacy of and the rewvestreams for the food waste digester,
all community organic waste streams should be densd. The list in Appendix J
describes only a few of the available waste streéarhiimboldt County and Del Norte
County. These include fats, oils, grease, glyceneat waste, cheese whey, fish waste,
and soiled paper. Other local food processing wetséams remain to be identified. All
local commercial and industrial generators of fe@$te should be contacted to ascertain
the quantity and characteristics of their digestivhste stream.

* Permitting:

If the Crowley property (owned by the City of Euag¢ks to be used, it will need wetlands
delineation, a geotechnical analysis, re-zoning@stal Development use permits, and
potentially, an Environmental Impact Report for GEGQmpliance. HWMA is currently
working with a local planning firm to complete a QE Initial Study document that will
identify the potential environmental impacts of thgester facility as well as mitigation
measures to address or eliminate these impacts.widrk is scheduled to be complete in
December of 2010.

* Solicit Requests for Proposals:

A request for proposals will enable HWMA and thennbber agencies to compare and
select a commercially available anaerobic digeststem.

» Establish regional partners

Stakeholders in the Regional Food Waste Digest#itjainclude the HWMA member
cities of Humboldt County, development agenciesal@nforcement agencies such as
the air and water boards, the Coastal Commissi@&,E the organic waste generators,
waste haulers, the composting facility, the CIWNBd EPA Region 9. Partnerships
should be developed with every appropriate stakkfndb enable the project to achieve
the maximum waste diversion and greenhouse gasiemssreductions for the lowest
cost.
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* Gap funding:

Funding will be needed for the HWMA staff and patjpartners to pursue full funding,
permitting, develop Requests for Proposals, andqag preliminary engineering design.
Funds under consideration for these purposes iadhe Regional Headwaters grant, as
well as grant funding from the United States Deaparit of Agriculture, and the U.S.
Environmental Protection Agency.

* Explore Funding Options:

There are three basic funding mechanisms to sufip@development of this project: 1)
bonds, loans, and/or grants acquired by regionah@is, 2) a public-private partnership,
and 3) private 8 party funding.

HWMA was recently approved for $2,000,000 in Fetl€taan Renewable Energy
Bonds (CREBSs). These bonds are known as “tax cbeditls” because the majority of
the interest payment on the bond is paid by thefddovernment in the form of tax
credits to the bondholders. Regardless of the mects utilize these bonds, HWMA and
regional partners will need to acquire other finagsuch as a local revenue bond
measure or private capital funds. Initial explorgtoonversations with private firms are
ongoing to assess the possibility of a mutuallyefieral partnership.

» Site development

The potential site is situated near the Humboldt & bay mud. The use of this site will
require Coastal Commission permits, wetlands datios, grading, pilings, and a storm
water runoff treatment plan before any constructian begin. Additional environmental
analyses could include archaeological studies tiaffic impact studies.

* Bench and pilot scale testing

Digestion technology has primarily dealt with lowength wastes such as cow manure
and municipal wastewater. Food wastes and fats, anild grease are high-strength wastes
that require different operating parameters. Besuzie digestion should be done first to
determine appropriate mixtures of the differenttessvailable for processing. The
smaller-scale initial digestion serves to charameethe optimal recipe of mixed

materials, the optimal loading rate, and to idgntiberating challenges associated with
the different types of waste. Testing on smallatesscan provide valuable information
while minimizing the financial risk of large-scaleester failure.

Testing should begin with the processing of thevkmorganic wastes that will be
collected. Lab space at the Arcata WWTP is oneiblestocation suited for this work.
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Another option is the development of a dedicatédsigace on the site itself or at the
Eureka WWTP.

* Program design

HWMA and project partners will need to develop demion program that encourages
both participation and a clean organic waste strddra local hauling to the digester
facility will need to be established. Public megsrshould be held to address concerns
and allow for valuable input. Outreach and educatvill be essential for developing a
critical mass of participation.

11.1  Limitations of Study and Future Work

The majority of the existing food waste digestignjects are co-digesting food waste with
either manure or municipal sludge. In North Ameribere are only a few examples of
municipal-scale stand-alone food waste digesterd) as the two digesters in Toronto Canada,
and the UC Dauvis pilot project. As these projecesaanew application of a proven process,
many information gaps exist. This project coultlifilsome of these gaps and would serve as a
model for other communities considering food waktersion from the landfill. Some of the
topics that warrant careful investigation as thgeut is developed are listed below.

All digester companies and configurations showddnvestigated. This includes, but is not
limited to, trench style digesters, horizontal syss$, batch processing, multi-phase digestion, as
well as wet and dry fermentation. Additional comsation should be given to operating the
digester at mesophilic versus thermophilic tempeest

* Experimentation should be performed to determieefolowing:

o The optimal combination of disparate organic wastelucts (i.e., food waste,
FOG, fish waste, cheese whey, food-soiled papergéyterin) in terms of
digestibility, carbon to nitrogen ratio, and pH.

o Determine which wastes should be combined, andiwghiould be digested
separately.

o Establish the highest organic loading rate, orughput of organic material, that
can be achieved and maintained.

o0 Investigate the optimal agitation system for highds waste including
consideration of a non-mixed digester system.

» Contaminant removal from food waste is a relativedy procedure. The equipment
on the market is expensive and adds significaotihé parasitic load. Research
should be undertaken to assess lower cost optwriedd waste pre-processing that
require minimal energy inputs.
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* Further analysis is needed to determine how gaagegand electricity sales during
peak periods will affect the economics of the prbje

* Finding the best use for the liquid and/or solidilieer that will be produced from

digested food waste residual will require markeeegch and investigation of the
associated regulations.
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The following table shows the grocery stores thateasurveyed by HWMA staff in order

APPENDIX A: GROCERY STORE SURVEY

to assess their current food waste managemenigaswct

Location Contact M(_aat F‘."‘t Bakery P'ZZ‘?‘ / Vegetables
cuttings cuttings Deli
Produce
Dispose manager didn't
Mike have an idea
. resale as . Food < 5lbs
Costco Blitken rendering . about the
ground Bank daily )
(manager) waste guantity of
produce being
thrown away.
Diane and Eureka Dough 1st gleaned then
. resale as . ~15lbs
Winco Karen round rendering Rescue dail thrown away as
(managers) 9 Mission Wastye garbage
Sheriff’'s work
Safeway Amber deri deri Food food bank alternative
#641 (manager.) rendering | rendering Bank ood ban program
' (SWAP) pig
farm
Sheriff’s
Eureka work
atural rendering | rendering n/a
N | Rick deri deri / alternative 1r?t glganed,
Foods (owner) program then SWAP
(SWAP)
pig farm
cooked for .
. Randy Dispose
ML Walker sgle then pigs ~10lbs food bank pigs
Market dispose if
(manager) not sold. dough/day
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APPENDIX B: FOOD BANK SURVEY

This table shows the results of the food bank siertieat were conducted by HWMA
staff in order to assess their current food wasteagement practices.

Organization
FB Food Bank
SVDP St Vincent De Paul
ERM Eureka Rescue Mission
AE Arcata Endeavor
SA Salvation Army
MFP Mckinleyville food pantry
What kind of food do you accept?
FB Store gleaning of frozen, canned, packed itemispaoduce.
SVDP Edible food
ERM Fresh, frozen, canned-basically all
AE Gleaned food from stores
SA Canned, boxed food
MFP Gleaned food from stores
Is it important that food be pre or post consumer?
FB Getting away from post consumer
SVDP Yes. Pre-consumer only
ERM Yes. Pre-consumer only
AE Yes. Pre-consumer only
SA Yes. Pre-consumer only
MFP Yes. Pre-consumer only
What is the criteria for accepting donations?
FB Has to be fit for human consumption.
SVDP Inspected for fitness, dates checked, andusedleaned by staff.
ERM From stores, private parties through butchers
AE Food is inspected for fithess and dates checked.
SA Fit for human consumption, canned or boxed
MFP Fit for human consumption, from Safeway & Rays
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APPENDIX B: FOOD BANK SURVEY CONTINUED

Organization

A4

FB Food Bank
SVDP St Vincent De Paul
ERM Eureka Rescue Mission
AE Arcata Endeavor
SA Salvation Army
MFP Mckinleyville food pantry
Do you provide meals or groceries?
FB Groceries to people and meal providers
SVDP 375-500 meals served daily.
ERM 110,000 meals served yearly.
AE 300-375 meals per week and 75 grocery boxespek
SA Groceries to 25-40 households per week
MFP 500 grocery boxes per month
Are you at capacity for donations?
FB No
SVDP No. Always in need.
ERM No
AE No.
SA No. There is always a little need. Their fooguschased usually at th¢
Grocery Outlet
MFP Always in need of canned goods
How much food are you throwing away?
FB Unknown
SVDP 2xweek 45-55ga slop pail
ERM Minimal prepared food from plate leftovers
AE 7-9 32Ga cans per week
SA Hardly any food gets wasted
MFP 30-40Ibs of bread every week
Do your food scraps go to pigs or is it disposedabage?
FB Garbage
SVDP Pigs
ERM Pigs
AE Pigs
SA Garbage
MFP Garbage
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APPENDIX C: PIG FARMER SURVEY

This table shows the results of the survey of pigiers to assess the local capacity for divertogl fiwaste to pigs.

Post consumer food

Notes

‘ Number of : — :
Pig Farmer pigs Slop contributors and contribution quantity ok?
Sheriff's Work 37 They receive about Eureka Rescue Eureka Natural | No, all pre consumer So_meone is at the
. ) : P Foods & Safeway | Mostly vegetables pig farm every
Alternative (9 are three cubic yards daily Mission: three 25 chain: 1650 aal but No ONIONS Sun/Wed/Eri 10 -
Program (SWAP) | newborns) | from various sources| gal. cans weekly barrelé per Wgeell< Deppers or Citrl’,IS 2:30
Yes but labor
Humboldt Fernbridae Eruit required to clear
Ferndale Market: Twg Creamery: One pick; Market (gummer contaminants is a Not interested in
Harold Davison 170+ to seven 15 gal. boxes, up truck load 1x only): One 25 gal concern. Too many expandin
2x Week Week Occasional yc.an dail 98l | contaminants turns P 9
huge loads y pig feed into
chicken feed
Joe - quitting pigs St. Vincent De Paul: . .
to raise goats ina|  4-6 pigs One 45-55gal. can2x yefélerj:erg)t Notel(ntzrr%si;ed n
few months Week P P 9
Arcata Endeavor: Up . .
HSU pig farmer < 8 pigs | to nine 32gal. cans 1 yefélerj:erg)t Notel(ntzrr%si;ed n
Week P P 9
Isidro Homen and Mexican Food Eureka Co-op: Two es. but not Can handle more
. . up to 8pigs | restaurant: One 30 gal. 55 gal. cans of yes, produce but nothing
Dennis Chizm . preferred
can 1x Week produce daily else
No. They use _
purchased grain or Th'$ IS .a new
Murphy's Market: donated veaetables operation and is run
Justin Martin 2 breeders| Two 35 gal. cans 2x Lookin intg usin " by a 16 year old 4H
9 9 student from

Week

donated bread as

McKinleyville.

well.
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APPENDIX D: FOOD WASTE COMPOST FACILITY SURVEY

Name of facility:

Location:

Contact Person: Phone:

Date:

8.

9.

. How much food waste throughput do you have pgr(tbns/day)?
. What type of base surface material do you usedmposting?

. What types of materials do you process?

. What type of composting process do you use?

. What is your operation and maintenance cost ($?ton)

. What were your most significant capital costs?

. What is your charge per ton for processing foadte ($/ton)?

What is your charge per ton for processing greaste ($/ton)?

Do you accept material from the residential@anmercial sector?

10. What is the food waste to yard waste ratio ysef?

11. What is the footprint of your facility? Is iheugh?

12. Do you have a method or need for odor control?

13. Do you have a full solid waste permit?
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APPENDIX E: FOOD WASTE COMPOST FACILITY SURVEY RES ULTS

Facility Location Contact Tsv[;;?gd Base Surface Material Co-gggs(;ifng Process Costs
100% green waste, does not take food
. . Compacted' waste anymore - sometimes people
Gilton Resource Dennis (209) road base - dirt L . ) -
Modesto 300 bring in a little. Used to accept cleaned, windrows Didn't know
Recovery 527-3789 that has been
worked blended f.w.. (w/green waste) from bay
area, blend was 60% green 40% food.
Jecr))rso:nli:;rsal’le Gilroy 100 Ag Bags
Je s%n Prairie Paul Yamamoto Food waste composted separately -
gr anics 2 Vacaville (707) 678-1492 300 concrete using Ag bags - soiled paper and yard Ag Bags $40/ton +/1 $5
Jepsgon Prairc ext. 203 waste comingled.
Organics 3 Marysville 50 Ag Bags
San Joaquin . Drew Kolowski : Food processing waste, biosolids, : .
Composting Lost Hills (800) 746-8404 200 dirt corndogs. 80% biosolids, 20% liquid fat windrows Did not answer
$20-$25/ton for
CTI Bags for food | open windrows,
Z-best Gilroy Greg 4%¥fg7(;108) 1000 Base Rock Food waste and green waste waste, windrows $35-$45/ton for
for green waste bagged
compost
Mark Buntaer 10% food waste, 90% green in bags or
BFI Organics Milpitas (408) 945_2%01 800 dirt under cover. After composted, Windrows $8-$9/ton
windrows for composting
n . Steve Fontana dirt over old Green waste and pre-consumer food )
Miramar Greenery San Diego (858) 492-5077 274 landfil waste windrows $3.50/ton
e [BF static pile - no
CEITIE EOmEES Thermal . 25 green waste and food waste aeration, cook for $24.50/ton -
Inc. Michael | . hs. th $20/ton w/o
Hardy(909) 208- clay - no rE'In 5_—6dmon; S’Pthl]D land lease
rrefin [BF impermeable windrow for '
CahfornlﬁcBlomass Victorville o774 20 same as above regulations (130 eli?]‘t:(;r:eos?n
) @ 15 days)
. . . "Doesn't keep
Kochergan Farms Avenal Eric Kochergan 200 dirt Green waste a_lnd residential and Windrows track of these
Composting (559) 352-7388 commercial food waste costs”
Green waste/ food waste. from
Elezs Lgndscape Modesto Mark Grover 44 compacted dirt Berkeley, SF - th?y take the capacity Windrows $11/ton
Services that Jepson can't handle. They are
contracted (long-term) with Nor Cal
Community
Recycling & Dave Baldwin compacted clay ) refused to
RESOUICE Sun Valley (805) 845-4056 1500 liner (10-8) green waste and food waste windrows answer

Recovery




APPENDIX F: FOOD WASTE COLLECTION SCENARIOS

The organic waste quantities listed below are baseaissumed capture rates of the
available waste streams in the Humboldt Countyoregbee section 10.1 for a description of the
scenario assumptions.

Scenario 1 - Low

Tons FW/ year

25% Eureka Commercial food waste 941
25% Arcata Commercial food waste 305
25% Unincorporated County Commercial food waste 463

0% Del Norte food waste 0

100% FOG, Glycerin 1,545
12.5% All Other Incorporated Cities Commercial fogaste 163
Total tons per year w/o FOG and Glycerin 1,872
Total tons per year w FOG and Glycerin 3,417

Scenario 2 - Medium

Tons FW/ year

50% Eureka Commercial food waste 1,882
50% Arcata Commercial food waste 609
50% Unincorporated County Commercial food waste 927
75% Del Norte food waste 1,140
100% FOG, Glycerin 1,545
25% All Other Incorporated Cities Commercial foodsie 326
Total tons per year w/o FOG, Whey, and Glycerin 4,884
Total tons per year w FOG, Whey, and Glycerin 6,429

Scenario 3 - High

Tons FW/ year

90% Eureka Commercial food waste 3,388

90% Arcata Commercial food waste 1,096

50% Unincorporated County Commercial food waste 927

90% Del Norte food waste 1,368

150% FOG, Glycerin (increased collection) 2,318
75% All Other Incorporated Cities Commercial foodste 978
Total tons per year w/o FOG, Whey, and Glycerin 7,756
Total tons per year w FOG, Whey, and Glycerin 9,360

Scenario 4 — Regional Potential

Tons FW/ year

90%food waste in County 14,458

90% Del Norte Food Waste 1,368

200% FOG, 100% Glycerin, 100% Whey 1,723
Total tons per year w/o FOG, Whey, and Glycerin 15,826
Total tons per year w FOG, Whey, and Glycerin 17,549
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APPENDIX G: MAJOR COSTS FOR ANAEROBIC DIGESITON
10,000 TON / YEAR FACILITY

=4

Cost per # of
Major costs for digestion facility unit . Total cost Source
units
(%)
Building ($/ff) w/slab $100 6,400 640,000.000 Dennis DelBiaggi
50' Truck weighing scales $32,700 1 32,700.00] Scales Unlimited
Foundation for scales inclu. Const.| $20,000 1 20,000.00 Scales Unlimited
Print Kiosk (for weight records) $4,000 2 8,000.00| Scales Unlimited
Software capable of running report; $10,000 1 10,000.00 Scales Unlimited
PC computer $2,000 1 2,000.00{ Current PC priceqd
Card Scanner $5,000 2 10,000.00] Scales Unlimited
Odor control system $85,000 1 85,000.00 Bay Products
Bobcat loader $50,000 1 50,000.00 Estimate
250 KW Cogeneration engine $/kW\  $895 250 223,750.00 Martin
Commercial food waste pre-
processing equipment ($) $80,000 1 80,000.00 OEl
Brown and
Conveyor $40,000 1 40,000.00 Caldwell
. Brown and
Metering Pumps $40,000 3 120,000.00 Caldwell
Primary Digester ($/gallon) $5 429,207 | 1,931,430.00 OEI
Post digestion tank ($/gallon) $5 429,207 | 1,931,430.00 OEl
Gas collection equipment $75,000 1 75,000.00; Canada Composti
H,S Scrubber Tank $5,000 1 5,000.00 Sulfa Treat
H,S scrubber media (Sulfa Treat) | $5,760 1 5,760.00 Sulfa Treat
Monitoring equipment (SCADA) $100,000 1 100,000.00 BTA quote
Engineering Planning and Design| $250,000 1 250,000.00 Estimate
Permitting $100,000 1 100,000.00 Estimate
New Full Solid Waste Permit |  $6,300 1 6,:300.00] C2OWn Hawkins,
Land Preparation ($ /ft*2) $2 43,560 87,120.00 Estimate
. . Brown and
Infrastructure (fencing) ($/linear foot $35 1,319 46,170.00 Caldwell
Infrastructure (roads) ($jt $10 6,000 60,000.00 City of Eureka
New Water Service $110 1 110.00 HBMWD
Access Gates $10,000 1 10,000.00, ~ Brownand
Caldwell
Program Design $60,000 1 60,000.00 Estimate
Sub total 5,989,770.00
. 30% of .
Balance of systems (contingency) capital 1 1,796,931.00 Estimate
Total 7,786,701.00
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APPENDIX H: ITEMIZED OPERATION AND MAINTENANCE COS TS

The itemized costs listed below are based on labdrinsurance costs at the Hawthorne street wastsfér station and the
Elk River WWTP. Waste water disposal, gas treatmsdia and permitting fees were obtained directynfthe source. Estimates
are included for equipment maintenance and supewviabor costs.

O&M costs Cost per unit | # of units Units Total annual cost Source
person hours CIWMB 2008a, Elk
Labor ($/hour) $22 120 or week $140,000.00 | River WWTP, HWMA
P Operations
Supervision and training ($/hour) $30 40 p%ffcvgg; "5 $62,000.00 Estimate
HWMA transfer station
Insurance ($/year) $15,000 1 $lyear $15,000.00 insurance - includes
liability and property
Iron Spo”g&g‘ggg‘ replacement 4,160 1 $lyear $4,200.00 Sulfa treat
Equpment maintenance o .
(2% of equipment costs) 2% $5,460,270 $lyear 110,000.00 Estimate
Processing cost at
Solids management ($/ton) 41 912 $/ton $37,000.00 HWMA compost
facility
Justin Boyes -
New Wastewater disposal permit fee Pretreatment
(good for first 3 years) 450 1 $/3years $150.00 coordinator at Elk Rive
WWTP
Justin Boyes -
Waste water disposal permit fee (not Pretreatment
new) 250 1 $/3 years $83.00 coordinator Elk River
WWTP
Solid waste per? annualinspection 3 7gg 1 $lyear $3,800.00 | Carolyn Hawkins, LEA
Total: $/year $370,000.00
$/ton O&M $37.00
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APPENDIX I: CPUC FEED-IN TARIFF
FOR SMALL RENEWABLE ENERGY GENERATION 118

Approved in 2006, California Assembly Bill 1969 uaaps all utilities to file with the
California Public Utilities Commission (CPUC) a €emn tariff to provide for payment for every
kWh of renewable energy produced at a public wattevastewater treatment plant that is a retail
customer of the utility. PG&E extended this feedariff to include all other customers who
install renewable energy generation equipment up3dMW in capacity. CPUC Code Section
399.12 defines renewable generation as an infsteilé¢y using biomass, solar thermal,
photovoltaic, wind, geothermal, fuel cells usingewable fuels, small hydroelectric generation
of 30 megawatts or less, digester gas, municidal s@ste conversion, landfill gas, ocean wave,
ocean thermal, or tidal current.

There is a state-wide cap of 250MW divided amotigsiutilities proportionately (based
on the ratio of the utility’s peak demand to thetstwide demand). This means that the utilities
are required to offer these rates to water andemagter treatment plants (WWTP) until the
250MW state wide level is reached. For non-wastemteeatment plants, the utilities can offer
voluntarily an expansion of the tariffs limited288MW state-wide. The state wide limit for
both sets of tariffs is therefore limited to 478M®hce the state-wide cap is reached, no new
contracts will be offered under current rules.

Feed-in tariffs are based on the Market Price Retd MPR) determined by the CPUC.
The MPR “represents the cost of a long term cohtxét a combined cycle gas turbine facility,
levelized to a cent-per-kilowatt hour value” (CPLRD08). The MPR is determined periodically
in the renewable portfolio standard proceedingefgible facility must enter into a long term
contract with the utility for 10, 15, or 20 yeaciements. The MPR varies by the length of
contract selected and the year that the contraagmed.

Each utility has its unique rate structure basetherMPR and a utility-generated
multiplier. For example, at the time of this wriirnthe on-peak rate for PG&E is 2.03 multiplied
by the base rate of $0.11126 / kWh resulting isi@emf ~$0.23 / kwWh during the months of
June through September during the hours of 12pm 80ff peak rates are as low as $0.07 / kWh

Electrical interconnection is through PG&E’s Sn@#nerator Interconnection
Procedures (SGIP) as filed and approved by thergeHaergy Regulatory Commission
(FERC). For the Eureka WWTP, see standard cont#a8@98EB and #3100EB. See the CPUC
decision # 0707027 for more detailed information.

118 This summary is based on the information availaibl¢he PG&E website located at:
http://www.pge.com/b2b/energysupply/wholesaleeiestippliersolicitation/standardcontractsfor

purchasel

103



APPENDIX J: MAJOR COSTS FOR IN-VESSEL COMPOSTING
10,000 TON / YEAR FACILITY

This table shows the major costs for developingharessel composting facility. The
capital cost is the average capital cost from tiéMA RFI responses. Some equipment varies
depending on the available feedstocks and techypalogsen, for this reason the total does not
include all equipment shown.

Major costs for in vessel Cost per unit :
compost facility $) # of units Total cost Source
Building ($/ff) w/slab $100 6,400 $640,000 Dennis DelBiaggio
50" Truck weighing scales $32,700 1 $32,700 Scales Unlimited
Foundation for scales w/ Con§  $20,000 1 $20,000 Scales Unlimited
Print Kiosk (for weight records $4,000 2 $8,000 Scales Unlimited
S f:ggﬁ'se ofrunning| 414 500 1 $10,000 Scales Unlimited
PC computer $2,000 1 $2,000 Current PC prices
Card Scanner $5,000 2 $10,000 Scales Unlimited
Odor control system $85,000 1 $85,000 Bay Products
Grinder $165,000 1 $165,000 RFI
Compostiumer orfrontend| ;5 0o 1 $118,000 Caterpillar
Trommel screen $110,000 1 $110,000 Wildcat Trommel
Mixer $59,000 1 $59,000 RFI
Compost Control system $25,000 1 $25,000 RFI
Biofilter media $50,000 1 $50,000 RFI
Average cost of In-vessel
system on market $2,819,879 1 $2,819,879 RE|
Eng'”eer[')”egsi';'r"]"””'”g and | 5550000 1 $250,000 Estimate
Land Preparation ($/2 acres)  $30,000 2 $60,000 Estimate
Infrastructure (fencing)
($/linear foot) $35 1,319 $46,165 Brown and Caldwe
Infrastructure (roads) ($7jt $12 6,000 $72,000 City of Eureka
New Water Service $110 1 $110 HBMWD
Access Gates $10,000 2 $20,000 Brown and Caldwe
Permitting $100,000 1 $100,000 Estimate
New Full Solid Waste Permit $6,300 1 $6,300 Carol;ll_rlg?awklns
Program Design $60,000 1 $60,000 Estimate
Sub total $4,592,454
Balancg of systems 30% o_f total 1 $1,377,736 Estimate
(contingency) capital
Total $5,970,190
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APPENDIX K: LIFE CYCLE COST
IN-VESSEL COMPOSTING

The lifecycle cost analysis for in-vessel compagigbased on 10 responses to a Request
for Information (RFI) for a 10,000 ton / year insgel composting system solicited by HWMA.
To calculate the Life cycle cost (LCC) of an in-selscomposting system, HWMA used the
average capital and operation and maintenance asstell as the average energy use values
provided in the RFI. This analysis assumes a dfestcost of $3.00/gallon, and  $0.12 / kWh
for electricity. Replacement equipment costs afatyicles were also provided in the RFI. Not
all system components are included in this LCCyamimsldue to the variation between technology
approaches. For example, bagged in-vessel systequse replacement covers every 5 years
while concrete trench systems do not.

The annual O&M and fuel costs increase the LCQiafassel composting over time
because they are recurring annual expenses. Tladi@uiused in this analysis can be seen in
the Methods section (Appendix Q). The term “P\fers to the present value of a future one-
time cost. The term “UPV” refers to the presertigaf a uniformly distributed cost over time
(i.e., an annual revenue stream, or an annual patyomea loan). The overall LCC is the sum of
all the one-time and recurring costs and revenues @ chosen time horizon (in this case, 20
years).

FLEEIL Present
Item cost ($) Year value value
equation
Capital cost $5,970,190 0 PV $5,970,190
Operation and 512,818 | LMrOUdh | by | ¢6,300,846
maintenance 20
Electricity charges $55,001| * thzrgugh UPV $696,656
Fuel charges $49,525 1 thzrgugh UPV $617,188
Replacement equipment
Grinder $165,000 15 PV $79,368
Loader $118,000 10 PV $72,442
Screen $110,000 12 PV $61,252
Blowers (10* $2,000ea) $20,00Q 5,10,15,20 PV $11,137
Temperature Probes $2,00Q 5,10,15,20 PV $4,511
Compost control system $2,000 10 PV $15,348
Scale $32,700 15 PV $52,912
LCC $14,024,760
$/ton over
life cycle #0
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APPENDIX L: LIFE CYCLE COST ANAEROBIC DIGESTION SY STEM

The Life cycle cost (LCC) of the anaerobic digestsystem is based on the equipment
costs and renewable energy generation potentihaeal in this analysis. The major costs that
were factored into this analysis can be seen ireAdpx G. The estimated annual operation and
maintenance costs can be seen in Appendix H, atigbehefor estimating the renewable energy
generation potential (and associated revenue sf)ezan be seen in Appendix Q. The LCC
analysis shows that the annual revenue streamsrifnawable energy sales help to keep the
cost of the anaerobic digestion system low oveetiithe values shown in red are revenues.

The equations behind these results can be sebe Methods section (Appendix Q). The
term “PV” refers to the present value of a futunedime cost. The term “UPV” refers to the
present value of a uniformly distributed cost owere (i.e., an annual revenue stream, or an
annual payment on a loan). The overall LCC is tira sf all the one-time and recurring costs
and revenues over a chosen time horizon (in ttge,0 years).

S Present
Item Cost ($) Year value
. value (%)
equation
Capital cost $7,786,702 1 PV $7,786,702
Operation and
maintenance $340,0001 through 20 UPV $4,237,15p
Electricity $197,817 1 through 20 UPV | $2,465,236
Offset Natural gas $1,773 1 through 20 UPV $22,090
Fuel $24,00Q 1 through 20 UPV $299,093
Tipping fees for other
organics $32,838 1 through 20 UPV | $409,237
Replacement
equipment
Small Loader $50,000 10 PV $30,696
Scale $32,000 15 PV $15,729
LCC $9,472,809
$/ton over 20 years $47
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APPENDIX M: LIFE CYCLE COST BUSINESS-AS-USUAL (80,000 TONS / YEAR)

The lifecycle cost for continuing to haul wastddaodfills is based on the terms of
HWMA's hauling contract, the 20 year average fisgladation rate, a landfill tipping fee o f $24
/ ton and the Hawthorne street transfer statigpirtigpfee of $38.37 / ton. Under this scenario the
tipping fee over the lifecycle is $73/ton. See Methods section (Appendix Q) for the equations
that generated the results below.

Fuel escalation rate increases at same rate as 20ayerage (2.5%)

. Total cost per

vl haL!Ilng ton including
fch_arge acyusted Tot_al landfill tipping Annual cost of Present value

Year or increasing fuel hauling fee and waste hauling of Wgste
prices and charge hauling
inflation ($/ton) FEmineme b, (3R ($/year)
($/trip) process fee
(%/ton)
0 $695 33 95 $7,637,299 $7,637,299
1 $710 34 97 $7,783,420 $7,412,781
2 $725 35 99 $7,932,581 $7,195,085
3 $741 35 101 $8,084,850 $6,983,997
4 $757 36 103 $8,240,296 $6,779,312
5 $773 37 105 $8,398,989 $6,580,828
6 $790 38 107 $8,561,003 $6,388,352
7 $807 38 109 $8,726,411 $6,201,697
8 $824 39 111 $8,895,289 $6,020,682
9 $842 40 113 $9,067,715 $5,845,130
10 $860 41 116 $9,243,768 $5,674,872
11 $879 42 118 $9,423,529 $5,509,742
12 $898 43 120 $9,607,082 $5,349,583
13 $917 44 122 $9,794,512 $5,194,239
14 $937 45 125 $9,985,906 $5,043,561
15 $957 46 127 $10,181,352 $4,897,404
16 $978 47 130 $10,380,943 $4,755,630
17 $999 48 132 $10,584,772 $4,618,101
18 $1,021 49 135 $10,792,934 $4,484,687
19 $1,043 50 138 $11,005,528 $4,355,261
20 $1,066 51 140 $11,222,653 $4,229,700
Total cost over 20 years $184,328,178

| LCC 20 years $116,928,242
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APPENDIX N: 100% CALIFORNIA FOOD WASTE DIVERSION G HG REDUCTION POTENTIAL
UNDER CHICAGO CLIMATE EXCHANGE PROTOCOL

GHG Reductions if 100% of California's Food Waste s Diverted Annually Chicago Climate Exchange protoal

Initial Year Tons Diverted Tons per year diverted MTCO2e/Year Eligible for Crediting
Yearl Year 2 Year3 Year4 Year5 Yearf( Year7 Beal Year9 YearlO
Year 1 5,586,585 1,424,579 1,178,769 972,066 201,11167,598 139,665 111,732 94,972 78,212 67,039
Year 2 5,586,585 1,424,519 1,178,769 972,066 1201, 167,598 139,665 111,732 94,97p 78,212
Year 3 5,586,585 1,424,579 1,178,769 972,066 1,120 167,598 139,665 111,73p 94,972
Year 4 5,586,585 1,424,579 1,178,769 972,06801,117 167,598 139,664 111,732
Year 5 5,586,585 1,424,579 1,178,769 9®,06 201,117 167,598 139,665
Year 6 5,586,585 1,424,559 1,178,769 @®,| 201,117 167,598
Year 7 5,586,585 1,424,5f9 1,178,769 2,866 201,117
Year 8 5,586,585 1,424,579 1,178,76972,066
Year 9 5,586,585 1,424,579 1,178,716
Year 10 5,586,585 1,424,5§9
Year 11 5,586,585
Year 12 5,586,585
Year 13 5,586,585
Year 14 5,586,585
Year 15 5,586,585
Year 16 5,586,585
Year 17 5,586,585
Year 18 5,586,585
Year 19 5,586,585
Year 20 5,586,585
Total 1,424,579 2,603,349 3,575,414 3,776,531 48129| 4,083,794 4,195525 4,290,497 4,368,/09 5448
Total annual MMTC@e reductions goals under AB 32 (by 2020) 169 Total MTCO ,e avoided over 10 years 36,698,276
Annual average MMTCg for first 10 years 3.7
Annual average MMTCg after first 10 years (steady diversion) 4.4
Total MMTCO,e reduced by 2020 assuming steady diversion 3]
% of annual GHG reduction goals by 2020 2%
% of GHG reduction goals after steady state is rezhed 3%
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APPENDIX O: 100% CALIFORNIA FOOD WASTE DIVERSION G HG REDUCTION POTENTIAL
UNDER CLIMATE ACTION RESERVE PROTOCOL

GHG Reductions if 100% of California's Food Wastes Diverted Annually Climate Action Reserve protocol

Tons per year

MTCO ,e/Year Eligible for Crediting

Initial Year Tons Diverted diverted
Yearl Year 2 Year3 Year4 Year5 Year§ Yeary Year8 arYe Yearl0
Year 1 5,586,585 1,231,340 1,023,372 850,529 106,72146,872 122,066 101,45( 84,315 70,015 58,240
Year 2 5,586,585 1,231,340 1,023,372 850,529 7P16,| 146,872 122,066 101,450 84,31H 70,075
Year 3 5,586,585 1,231,340 1,023,372 850,329 6,7PD 146,872 122,064 101,450 84,31%
Year 4 5,586,585 1,231,340 1,023,372 850,92976,720 146,872 122,066 101,450
Year 5 5,586,585 1,231,340 1,023,372 830,52 176,720 146,872 122,066
Year 6 5,586,585 1,231,340 1,023,372 BBD,| 176,720 146,872
Year 7 5,586,585 1,231,340 1,023,372 0,5 176,720
Year 8 5,586,585 1,231,340 1,023,87850,529
Year 9 5,586,585 1,231,340 1,023,37
Year 10 5,586,585 1,231,310
Year 11 5,586,585
Year 12 5,586,585
Year 13 5,586,585
Year 14 5,586,585
Year 15 5,586,585
Year 16 5,586,585
Year 17 5,586,585
Year 18 5,586,585
Year 19 5,586,585
Year 20 5,586,585
Total 1,231,340 2,254,712 3,105,240 3,281,960 288B2| 3,550,899 3,652,348 3,736,664 3,806,/39 4336
Total annual MMTC@e reductions goals under AB 32 (by 2020) 169 Total MTCO ,e avoided over 10 years 31,913,711
Annual average MMTCg for first 10 years 3.2
Annual average MMTCg after first 10 years (steady diversion) 3.9
Total MMTCO,e reduced by 2020 assuming steady diversion 3
% of annual GHG reduction goals by 2020 2%
% of GHG reduction goals after steady state is rezhed >2%
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APPENDIX P: SOURCES OF ORGANIC WASTE IN ADDITION T O FOOD WASTE

Anaerobic digesters can be used to process othemeocial and industrial organic waste
streams. The following is a list of identified wastreams in Humboldt County that can be
included as additional feedstocks for the Humbmddional food waste digester facility. The
addition of these other feedstocks will increageliingas production and improve the economics
of the system.

Food Soiled Paper

Food-soiled paper is not accepted by recyclingersrds it is contaminated and cannot be
used for processing into new paper. This wastebeagerobically composted; however, it is
considered to be food waste by CalRecycle and ¢dveoomposted at facilities not permitted to
accept food waste. Anaerobically digesting foodesbpaper will increase the diversion
potential. Further, processing soiled paper witigrate data on the quantity of this waste that
can be added to the feedstock mix, as well asnmdtion about operational considerations.

Grease Trap Waste from Footprint Recycling

Grease from the drains of commercial kitchenstisraepted in grease traps and grease
interceptors as required by the local sewer/watdricts. Grease traps are required to reduce the
clogging and maintenance of sewer lines. Footetycling, a local bio-diesel manufacturer,
collects the dirtier waste oils in order to maintaontracts to collect the cleaner yellow grease
that is used to make bio-diesel. The grease tragpews approximately 70% water and is lower
guality grease as it can be contaminated with sdepsand food residues. Footprint Recycling
hauls this waste to central California in pumpacls and pays $0.15/gallon to dispose of it
(Cooper, 2008). This waste product can be de-watznd added to the digesters for additional
gas production. About 200,000 — 300,000 gallonsypar are available from Footprint
Recycling (Cooper, 2008). Additional volumes of wagil may be collected from other waste
oil haulers operating in Humboldt Courlty.Collecting grease trap waste and processing it
locally will enable more frequent waste oil pumpangd can reduce the cost of disposal by
avoiding long distance hauling. Further, frequeastg oil pumping will result in less fats, oils,
and grease entering the wastewater collection iifesh will help to keep maintenance costs
low at the local WWTP.

Glycerin from footprint recycling

19 All grease trap and interceptor waste is curreidyled to central California, regardless of whiompany
collects the waste.
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Glycerin is a by-product of the bio-diesel manufiaicty process. Glycerin is a
carbohydrate — essentially all carbon, hydroged,@atygen with very little nitrogen. This
glycerin would need to be mixed with another sudistto reach an optimal carbon-to-nitrogen
ratio (C:N) suitable for digestion. In a 2007 Uavis study, both glycerin and a mixture of
glycerin and dairy manure were tested to deterrnhiaaligestibility of these feed stocks.
Researchers found that the mixture of glycerin@aidy manure to be a feasible substrate mix
for digestion (Zhang et al., 2007a). The mixtur@itrogen-rich manure (C:N 9:1) balances out
the carbon-rich glycerin (C:N 274.9) (Zhang et 2007a). In the study, the glycerin was found
to be highly digestible, but caused some inhibjtmmreduction of microbial activity, for
mixtures with higher levels of glycerin and lowevéls of manure. According to Footprint
Recycling, 10,000 to 20,000 gallons of glycerin pear are available for digestion (Cooper,
2008). This quantity of glycerin is 1% - 3% of tepected food waste collection volumes.

Meat scraps

Local commercial meat scraps are hauled to a remgl&cility in Sacramento and
disposed of at a cost of $0.07/lb + hauling costsestimated 32,000 Ibs per year of meat scraps
are available for digestion (Cooper, 2008). Additibpermitting and processing steps may be
necessary.

Whey

Whey is the liquid part of milk that remains aftee milk is curdled in the cheese making
process. Cypress Grove Chevre, a local goat cmeasafacturer, currently discharges a portion
of its whey into the wastewater treatment systethland applies the remainder of the whey on a
parcel of property adjacent to the facility. Duditoitations on the quantity of whey that can be
discharged annually, an opportunity exists to diggwy from the facility. Whey is an acidic
waste with a pH of 4 that needs to be neutralizik the addition of a base. Cypress Grove
currently has over 1,000 tons per year of whey ¢batd be processed in the Regional Food
Waste Digester facility (Cypress Grove Chevre, 2088ditional sources of whey may be
available from other cheese manufacturing operatioithe county.

Fish processing waste

According to Rick Harris, General Manager of Pacfhoice Seafoods, approximately
90% of their waste stream is organic waste. Addéity, Pacific Choice collects residual
proteins and fats from their waste water treatmiéish and shrimp processing waste would
provide another source of high energy content acgaaste for the digester system.

Food waste from Del Norte County
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The Del Norte Solid Waste Management Authority (MI8A) recently put out a
request for proposals for processing 1,400 tony@ar of food waste as well as other waste
products. The Del Norte Solid Waste Management éuityhand Hambro, the waste collection
company contracted by Crescent City, are interastbduling food waste from Del Norte to a
regional facility in Humboldt County. Hambro is estigating the possibility of back-hauling the
digested residual as a feedstock for their comjaadity. HWMA, DNSWMA and Hambro are
continuing to discuss the possible arrangementdif@sting this source of food waste.
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APPENDIX Q: METHODOLOGY

This feasibility study involved gathering informai on the quantity of food waste in the
Humboldt County waste stream, food waste digestgyds production rates, and the cost of
developing a food waste digester facility comparethe cost of other food waste management
strategies. Other metrics that were quantifiedudelthe projected greenhouse gas reductions
associated with this project and the savings aasmtiwith offset waste hauling. The sections
that follow describe the methodology that was usedketermine this project’s feasibility, life
cycle cost, and environmental benefits.

Quantity of organic waste

The feasibility of any waste to energy project lbsgiith an assessment of the waste
resource itself. Estimates of the food waste diearpotential in the region were derived from
local, state, and national waste characterizatiotgias. The quantities of other organic waste
streams were obtained directly from the source.fohewing is a description of the studies
consulted and the resulting estimates used inriblysis.

Food Waste Resource

Local data were obtained from the 1990 waste cheniaation study performed to
develop the Source Reduction and Recycling Elef®RRE) for Humboldt County (1992).
This document was developed in compliance withinkegrated Waste Management Act of
1989 (CA AB 939):2° AB 939 mandated that all California jurisdictiodisert 50% of their
waste stream away from the landfills by the yedd®@'hese data were used as the baseline for
estimating the amount of food waste in the resideahd commercial waste streams. As these
data are nearly 20 years old, this analysis alslod®es other regional waste characterization data
(Table 2.1).

In addition to the County-wide waste character@astudy, annual food waste disposal
rates were acquired from the California DepartnoéiResources Recycling and Recovery’s
waste stream profiles. These profiles are base2D64** and 2008 waste characterization
studies. These data are based on waste samplindpoveseasons, and across five regions in
California. A total of 530 samples from 22 randoragtected waste disposal facilities were

12011 1089 the Integrated Waste Management Act estaddi both the California Integrated Waste Managémen
Board (CIWMB) and the 50% state-wide waste divargjoals. In response to this legislation, Humb&dunty
hired Gainer and Associates to perform a wasteachenization and waste diversion plan for Humb@dtinty.

1211n 2004 CIWMB hired Cascadia Consulting Group llaccharacterize the waste stream components across
sectors (residential, commercial and industriaQ) anall scales - cities, counties and state widga can be found

at: http://www.ciwmb.ca.gov/Publications/LocalA81004005.pdf

122 The 2008 waste characterization study can be sedex:

http://www.calrecycle.ca.gov/WasteChar/Waste Stubites#2008Study
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sorted in each of the studies. CalRecycle derivastevstream profiles for every jurisdiction in
California using these data. The CalRecycle wastams profiles for Humboldt County indicate
that food waste is 20% of the disposed waste imakiglential sector and 17% of the disposed
waste in the business sector.

Other sources of food waste disposal rates that vaetored into the available food
waste estimate include waste characterizationesudom nearby cities such as Portland and
Alameda and the US EPA estimate of food wasteemttional waste stream. The expected
guantity of food waste in the commercial wasteastravas taken from averaging these numbers.
See Table 2.1 in Chapter 2 for the complete lista$te characterization studies and data that
were used to calculate the percent of food wastiedrcommercial waste stream.

The following list describes the waste characte¢iors used in quantifying the food
waste tonnage available for processing:

*The US EPA: Municipal solid Waste in the Unitedt&$a 2007 Facts and Figures
This report is the most recent in a series of rspEwonsored by the U.S. Environmental
Protection Agency to characterize municipal solakte (MSW) in the United States.
Together with the previous reports, this reportvmes a historical database for a 47-year
characterization (by weight) of the materials amatpcts in MSW (US EPA, 2007).
Because this is a nation-wide analysis, the date derived using a “materials flow
methodology” rather than direct sampling. The maleflow methodology is based on
production data that are adjusted for imports aqubes. For food and other organic
wastes, sampling data from across the nation wad in conjunction with the
production data. Due to the national scale of aniglysis, these data come with the
caveat that local waste stream characterizationsl@toe performed to obtain a more
accurate description of the waste stream. Thesedlfatuld only be used as a “ballpark
figure,” as regional variations in population déyscommercial and industrial activity
and local waste management practices will signitigachange the nature of the waste
stream. The US EPA estimate was included in theutation as a low-end value.

* Alameda County Waste Management: (http://stopwagig. In 2000 and 2005 the County
of Alameda hired RW Beck to perform waste charaations throughout Alameda
County. These studies were commissioned in respgortbe changing nature of the
waste stream after recycling and green waste pmgveere implemented in response to
AB939. The characterizations involved 1,060 handesbsamples as well as 739 visually
sorted sample¥? As evidenced in Table 2.1, the percent food wimstiee waste stream
increases relative to the diversion of other conambs of the waste stream. The higher
value of 26.1% was not used to estimate the Hunili@ddinty value as it reflects a very
aggressive waste diversion program.

123 viisual sorting is a method in which a sample isptoysically sorted, but is visually evaluated twoad category
constituents such as paper, metals, glass etc.
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*Oregon Department of Environmental Quality: Ore§atid Waste Characterization and
Composition 2005/2006. Waste characterizationslane regularly in Oregon as
required by state law. The characterizations areedbrough sampling and then adjusting
for cross contamination (such as food waste leét ptastic container). This study found
food waste to be 15.7% of the overall waste strédm.Oregon study includes a
comparison of the 2005/2006 data to the 2002 daaon County, Oregon chose to pay
for additional sampling in the County in order &t @ more refined waste
characterization. The Oregon DEQ report comparesi@tta from Marion County to the
statewide characterization. The Marion County detaal the importance of performing
local characterizations. This can be seen in tfierdnce (larger % food waste in total
waste stream) between the County and State-widaciesaizations.

Using the aforementioned waste characterizatiotiesyuthe quantity of food waste in
the Humboldt County commercial waste stream wamagtd to be 18%. This percentage was
then applied to the recorded tonnage of commen@ste disposed at the HWMA transfer
station from each of the member cities of Humb@ldunty. An example of this calculation is as
follows:

Tons MSW rc. /YT X % Food Waste .z, = Tons Food Waste/Yr ¢yzc.

Other organic waste streams:

Food waste is but one of several organic wastarsevailable for conversion to
energy. In every community, there is grease tragteyaneat scrap waste, and (potentially) food
processing waste. All organic waste streams shoellexkamined when considering an organic
waste digester in order to maximize revenues aatautivith the project. For this initial
feasibility study, Footprint Recycling, a greassptivaste hauler, and Cypress Grove, a goat
cheese manufacturer, were contacted to obtainnmv#tion on the quantity and nature of this
organic waste stream. Further work will be neededéntify the remaining sources of organic
waste that could benefit from local processing.

Approximate gas production potential

Biogas production values from existing organic wasiggester projects in Europe and
North America provided a range of gas productidasahat could be used to estimate the annual
renewable energy potential from this project. Tal& shows the ranges of gas production
values reported from these projects as well asahess from organic waste digestion research.

The annual biogas generation potential from HuntbGlelinty’'s food waste stream was

estimated by taking the average of the gas geperadlues listed in Table Q.1 and applying it
to the expected food waste tonnage. The calculéian follows:
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Tons foodwaste/yaa* ft*> biogas/Torioodwaste= ft* biogas/yea

Table Q.1 Reported biogas production from foodtevdgyestion

Biogas Production Factor
m?/ Metric ton | ff/ US short ton Source:
150 4,806 Dry digestion process: DeBaere, L. (2000)
150 4,806 Valorga Process:Lissens, G. et al. (2001)
160 5,126 Valorga process: Nichols, C. E. (2004)
100 3,204 Waasa process: Nichols, C. E. (2004)
150 4,806 Waasa process: Nichols, C. E. (2004)
130 4,165 Kompogas process: Nichols, C. E. (2004)
100 3,204 Dranco process: Nichols, C. E. (2004)
200 6,407 Dranco process: Nichols, C. E. (2004)
113 3,620 Haight, M. (2005)
110 3,524 Dufferin Organics Processing Facilityldstein, N. (2005)
120 3,844 Dufferin Organics Processing Facilitys@j B.V. (2006)
165 5,286 Zhang, R. et al. (2007)
113 3,620 Kelleher, M. (2007)
144 4,613 BTA System, (2007)
103 3,300 Paul Suto, East Bay MUD (2007)
135 4,325 EBMUD: Gray, D.M.D., Suto, P. (2008)
134 3,915 Average gas production value

Gas production rates for the other organic waseasts investigated are reported in units
of liters / gram volatile solids added (L/g VS).€le values were generated through
experimental analysis as reported by the soursesllin Table Q.2. Daily VS quantities are
obtained by multiplying the tonnage of a given stdis by its % total solids (TS) content (i.e.,
solids that remain once the water is removed) had multiplying that value by the %VS
content of the TS. The reported values can beise€able Q.2.

Table Q.2 Gas generation rates for other orgaagtevstreams in the Humboldt Bay area

e [ row [wew [V T oo T Bommsmed T souee
Fats, oils, & | 5905 | 7106 | 950 | 28% 1.42 Zhang wt al. (2007b)
grease
Glycerin 88% 12% 92% 81% 0.673 Zhang et al. (200fa)
Whey 42% 58% 72% 30% 0.28 Ghaly, A. E. (1996)
Manure 13% 87% 80% 10% 0.194 Zhang et al. (200[7a)
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The annual gas production from these waste streasagalculated as follows:

m?® biogas
year

*
Year

L im® ,1000g, 1000kg *(Metrictons
gVSadded 1000L 1kg Metricton

* 0HVSin Wastestrearrﬂ =

Digester tank sizing:

Digester tank sizing is based on the organic lgadite (OLR) that corresponds to the
rate at which a stable microbial population canabelize the feedstock. The digesters will
primarily be digesting food waste, and as suchatterage OLR found in the literature is used
for all substances. The actual loading rate wileted on the ultimate mixture of organic waste
resources available for digestion in Humboldt Cguiihe OLR differs by substrate as each
unique substance contains a varying level of rgatigestible VS, as well as a corresponding VS
destruction rate. For example, the food waste \&rdetion rate is approximately 80% whereas
the grease trap waste and glycerin VS destructitasrare closer to 99%. Once the mix of
readily available organic waste resources has detarmined, bench scale testing should be
used to determine maximum loading rates for a cetalyl mixed organic waste stream. Organic
loading rates for anaerobically digesting food wastn be seen in Table Q.3.

Table Q.3 Organic loading rates for digesting foabste

Organic Loading Rates (OLR)
lbs VS /ffiday | kg VS/ntiday Source:
0.60 9.6 Gray/Suto (2008
0.14 2.2 Brown and Caldwell (2007)
0.20 3.2 Brown and Caldwell (2007)
0.21 3.3 Dufferin Plant: Opstal (2006)
0.25 4.0 Dufferin Plant Operator (2007)
0.26 4.2 Typical SSO Processing: Opstal (2006)
0.28 4.43 Average OLR*

124 The EBMUD loading rate listed here is higher tham others because this loading rate is the re$tknch-
scale testing to determine the highest loadingthatecould be sustained given the high decomplisabi food
waste in digesters.

125 As food waste digestion is a relatively new praeceperators are only beginning to determine theimmam
loading rates that can be sustained. For thioredase EBMUD higher value is included in the ageraFor
comparison, the median loading rate is 0.23 Ibg %% day (or, 3.65 kg VS / #l day), which suggests that the
average loading rate used to size the system wilasticed by the higher value. As the actual sizih® digester
will also depend on other process specificatiorth s a dry or wet system (which have very diffexetume
requirements due to the amount of water addedetsyhtem) this average value is seen to be apptegar the
purpose of the economic analysis.
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Digester sizing is calculated as follows:

3 %
kgVvsS, m*day_ digester slumeneeded
day kgVsS

An additional 15% of headspace for gas storageeis added to calculate the total
digester volume needed. The digester volumes seldot the economic analysis are directly
related to the expected quantities and VS contethteodifferent waste streams collected and is
based on a 20 to 25 day hydraulic retention time.

Electricity generation potential

The electricity generation potential was calculdtgdnultiplying the annual biogas
generation (Mlyear) by the energy content of biogas (M3)/r&Energy content values from the
literature can be seen in Table Q.4. The energtecdmn biogas is directly tied to the percent
methane content in the biogas mixture. Methaneerin$ dependent on the substrates digested
as well as the process operating parameters chimsganeral, biogas generated from anaerobic
digesters is comprised of 60% methane and 40% natioxide. This results in an energy
content of approximately 600 BTU¥ft?® The gross electrical energy can be calculated by
converting the energy contained in the biogas meximto electrical energy units (1MJ = 0.278
kwh). The biogas can be converted to electricaiggneia an internal combustion engine,
turbine, or a high temperature fuel cell. Eachhafse technologies has a conversion efficiency
associated with converting the biogas to electridit order to calculate the net electrical and
thermal energy potential, a conversion efficieneycpntage can be applied to the gross energy
content in the biogas. For this analysis, HWMA a@hans internal combustion co-generation
engine as two such engines are already in use &ureka WWTP. Although these engines are
quite old, the treatment plant is currently undé@mga systems upgrade, which includes the
purchase of new cogeneration equipment. It is asduirat the gas from the food waste project
will be utilized in these same engine generatoesds on conversations with Martin Machinery
and GE Jenbacher, distributors for engines fuel#d iogas, the expectation is that 35% of the
biogas energy will be converted to electricity amdadditional 30% of the energy will be
captured and used as heat. As a result, the cothbifieiency of the co-generation system is
assumed to be 65% (Martin, 2009).

Table Q.4 Energy content of biogas

Calorific value of biogas
MJ/Nm? M/t Source:
19 to 26 0.54 t0 0.74 MOP11 (1976)
20 0.57 Hessami et al. (1996)
16 to 22 0.4510 0.62 IPCC (2007)

126 This energy content reflects the Higher Heatingu¥dor biogas.
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Once the net electrical energy generation has balenlated, the total quantity of useful
energy must be adjusted to account for the “pacdsid.” The parasitic load is the amount of
energy needed to run the grinders, pumps, mixé,drs and other equipment associated with
pre-processing and digestion. Parasitic loadsdlibtedigester technology companies range from
5-50% of the total energy produced (SMUD, 2008}héligh the exact parasitic load will be
dependent on the pre-processing and digester eguaiprhosen, in this analysis it is assumed to
be ~25% of the net electricity produced.

The estimated energy potential for the organic evdgiester project was calculated as
follows:

ft* biogas, MJ , kWh _ kWh
year ft>biogas MJ year

Then,

kWh 035generatoelectricalefficiency* 0.75parasitidoadof AD systemn= netM

year year

Current waste management parameters

Understanding the existing waste management syragegitical when making a case for
developing an alternative waste processing systenrently, the solid waste generated in
Humboldt County is hauled an average of 380 milesr(dtrip) to either Dry Creek landfill in
southern Oregon or to Anderson landfill in easteatifornia. HWMA waste disposal records
track the quantity of waste going to each landfile cost for transporting and disposing
Humboldt County’s waste come directly from HWMA'srtractual agreements for long-
distance hauling with Bettendorf Trucking and tbed-term contracts for waste disposal at the
two landfills.

In order to estimate the future cost of the lorgjatice waste hauling, the average 20 year
fuel escalation rate was calculatédThe average annual fuel escalation rate over¢hieg of
time spanning from March 1990 to March 2010 wa8®.6iven that fuel is 32% of the cost of
long distance hauling, the long-term cost of hayiliras found to be very sensitive to increases
in the price of diesel fuel.

In addition to the fuel escalation rate, both thelling charges and the landfill disposal
rate increase annually with the Consumer PriceXdr{@®1). The hauling charges increase at
75% of CPI1 and the landfill disposal costs increats€00% of CPI. The 10 year average annual
rate of change for the CPI was obtained from Buddiabor Statistics was 2.6% (December
1999 to December 2009). This information was usegktablish the baseline waste management

127 The 20 year average fuel escalation rate is basethta available from the US Energy InformatioreAgy and
encompasses the years spanning February 1990 todfg2010.
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scenario in order to draw a comparison betweelifdwycle cost of the food waste digester
project and the business-as-usual scenario.

Markets for end products

There are several end-products that can be geddrata a digester project: electricity,
heat, vehicle fuel, and soil amendments. In thayasis it was assumed that the bio-gas would be
used to generate electricity and heat due to theadd for both at the Eureka WWTP. The
market value for the electricity generated is twlf First, revenues can be generated from the
sales of electricity to the treatment plant in lefwitility grid electricity purchases. It is asseidh
that the electricity sold to the Eureka WWTP w#l &t a lower price than the Public Utility rate
($0.10 / kWh vs. an average of $0.14 / kwWh). Thsisuanption was made for model simplicity;
however, when the project is established, the pavilefikely be sold at a floating rate that is
one to two cents below the PG&E rate on a timesef hasis.

The annual electricity demand at the treatmenttpleas obtained directly from WWTP
records as well as PG&E records. In 2008 the WWiehmsed 937,040 kWh from PG&E. The
revenues from selling electricity to the WWTP weadculated as follows:

Annual demand at WWTP (kWh) * $0.10 / kWh =
Annual Revenues ($) from sales of electricity te YWAWTP

Excess electricity (that which exceeds the demanideaWWTP) can be sold to Pacific
Gas & Electric under the existing California Pulilitlity Commission’s (CPUC) Feed-in Tariff
(Appendix H). The annual value of the excess dl@ttrsales was calculated by creating a
model of the annual energy use and charges at iNg® PG&E, the local utility company,
provided records of the historic 15 minute averalgetricity demand at the Eureka WWT$.
The annual net energy generation potential (froenbilbgas) was divided into 15 minute
intervals. For every 15 minute period, the differenvas taken between the demand and the
additional power supplied (i.e., the renewableteigty produced from the biogas). If there was
a deficit, then the applicable rate was applietheoquantity of power demanded from PG&E.
When there was excess power, the power was s®#G&E under the CPUC Feed-in Tariff rate
schedule. The sales and purchases were summedwalst annual total energy revenues or
expenditures.

The results of the model were then incorporated tiné economic analysis as annual
revenues from energy sales to PG&E. Additionalg, model was used to calculate the
reductions in peak energy use at the WWTP whichltes decreased peak demand charges.

128 The Eureka WWTP is on PG&E's E-19vs “large comri@tcate schedule.

129 Under the E-19 rate schedule, rates are baseukediTime of Use.” For example, rates are highesinguthe

summer months between the hours of 12pm and 6pmvetsely, rates are lowest during the winter months
between the hours of 9:30pm and 8:30am. Thereweéparate rates based on the time of year areddf day
that the power is purchased.
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Demand charges are fees that are added to thei@tgdiill in addition to the energy use
charges. These fees are based on the highest anfeemdrgy demanded during the five
different Time of Use periods throughout the y8drese charges range from $1.00/kW to
$12.30/kW. These charges can be quite substaRtiakxample, in 2007 and 2008, demand
charges accounted for 32% and 22% of the treatpiant’s total energy bill respectively
($46,000 and $28,000 per year). At a food wastlectbn rate of 10,000 tons per year, the
resulting energy generated would reduce the derohares to approximately $5,500 per year.

Other markets that can provide revenues to the Yeaste digester facility are offset
natural gas (heat) purchases, sales of composjuid ffertilizer feedstock, as well as sales of
carbon offsets to the emerging carbon markets.

Greenhouse gas reductions

Because food waste is the major source of metr@aneation in landfills, there are
substantial Greenhouse gas (GHG) emission redwctihe gained by diverting this waste
away from the landfills to a dedicated food wastecpssing facility. The Chicago Climate
Exchange (CCX) and the Climate Action Registry (JARganic Waste Digestion protocols
were consulted to assess the GHG reduction poténttithese projects®® These protocols
establish the base case from which a project amciadditional” carbon offsets (reductions
from business-as-usual case) that can be soldeoméinket. The emission offsets that can be
achieved under the CCX and CAR protocols can be se€able 8.5 and Table 8.6.

Table Q.5 Baseline greenhouse gas reductions\azhi®y diverting food waste from landfills

CCX: Baseline Emissions Reductions for OffsetsHood Waste Diverted from Landfills
year 1 2 3 4 5 6 7 8 9 10| Total

MTCO.e 0.255| 0.211] 0.174 0.036 0.030 0.0p5 0.020 0.p17 140j00.012| 0.794
per wet ton

Table Q.6 Baseline greenhouse gas reductions\ezhfeom avoided landfilling

CAR: Baseline GHG Emissions Reductions for Food t&/&sverted from Landfills (Equation 5.3)
year 1 2 3 4 5 6 7 8 9 10 Total

MTCO.e 0.22 | 0.183| 0.152 0.032 0.026 0.022 0.018 0.015 30J0D.01| 0.692
per wet ton

130 The CCX protocol is available online at:
http://www.chicagoclimatex.com/docs/offsets/CCX_Aded Emissions_Organic_Waste Disposal_Final.pdf
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The total offset over ten years (the limit for regsg offset credits) under the CCX and
CAR systems is 0.794 and 0.692 metric tons of cahoxide equivalent per wet ton of food
waste (CCX, 2009; CAR, 2009). For this analysis, fbtential GHG reductions associated with
avoided landfilling were calculated using the CAfRtpcol values because they are more
conservative. As an example, a food waste colleatite of 10,000 tons per year would reduce
approximately 40,000 MTC# over ten years (Table 8.7)

Table Q.7 Sample calculation of GHG offsets usirgCAR methodology

MTCO e Reduced
Year 1 2 3 4 5 6 7 8 9 10

1 1,551 1,289 1,071 223 184 154 128 106 | 88 73
2 1,551| 1,289 1,071 223 18% 154 128 106 83
3 1,551 1,289 1,071 223 185 154 128 10p
4 1,551| 1,289 1,071 223 185 154 128
5 1,551| 1,289 1,071 223 18H 154
6 1,551 1,289 1,071 223 185
7 1,551 1,289 1,071 223
8 1,551 1,289 1,071
9 1,551 1,289
10 1,551

Total MTCO ,e over first 10 years | 40,197

Under both protocols, carbon offsets for food wasterted from landfills can only be
credited if there are no existing regulations maindadiversion, and the offsets are only credited
for 10 years. Furthermore, any carbon offsets snlthe market cannot be claimed towards a
community’s GHG reductions goals. The value foboaroffsets is currently very low in the US
market. This is due to the lack of mandatory eroissireductions goals set at either the state or
federal level. The difference between the curremtintary market in the U.S. and the mandatory
market in Europe can be seen in the values ofdh®oa offsets. As an example, the current
Chicago Climate Exchange price is $0.10/MT£@nd the current European Climate Exchange
price is $20/MTCGQe (as of March 1, 2010). Revenues from the satadfon offsets were not
included in the economic analysis as the U.S. maskstill in development.

Additional GHG reductions can be realized from effgsucking and offset grid electricity

use. While these offsets cannot be sold on the ehatkey can be counted towards a
community’s GHG reduction goals. These GHG redustivere calculated as follows:
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For offset long haul trucking of food waste:

Tonsfood wastediverted, truck trip, miles _ gallon, Ibs.CO, _ IbsCO,avoided
year 23tons truck trip miles gallondiesel year

For offset grid electricity:

netkWh generated, lbs.CO, _ Ibs.CO, offset
year kWh (PG& Egrid) year

Economicg??

Many factors were taken into consideration in tben@mic analysis. These include:
estimated capital costs, operation and mainteneosts, permitting requirements, engineering
and site preparation costs, and well as a contmgfattor to account for implementation and
unforeseen costs. A life cycle cost (LCC) analisisicluded to compare options over their
useful life. In this case, the LCC analysis of tbed waste digester facility is compared to the
LCC of In-vessel composting and a business as wssal that involves continued long distance
hauling of waste.

The key economic assumptions that underlie the t@l€ulations can be seen in Table
8.8. The capital cost for the project was conseddiy obtaining cost estimates for the requisite
components and adding in a 30% contingency factoniplementation and unforeseen costs.
The Operation and Maintenance costs were taken &maverage value of O&M costs cited by
project developers who responded to a Sacramentochdal Utility District Solicitation of
Interest (SOI). This SOI was for a 12,000 ton peEanfood waste digester. The average value
was $350,000 or $29/ton (SMUD, 2008).

131 The equations used in the economic analysis cdoumel in Rubin, (2001).
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The present value for all costs was calculateddeioto compare the food waste project
to the business-as-usual scenario. The preserd f@lthe capital costs is as follows:

|

Presenwalue(PV)= FutureCosts($)*( (1 1_)n
+i

where:

i = the discount rate (%)
n = the year that the future cost or revenue ocg@ar)

The present value for the operation and mainteneosts and annual energy and tipping fee
revenues was calculated using the uniform pressoevormula:

Uniform Presen¥alue(UPV) = Continualcosts(or revenues{$) * K—)l' (1+ ')
[

where:

i = the discount rate (%)
n = year that the future cost or revenue occurarfye

The life cycle cost (LCC) of the food waste digested composting systems were calculated as
follows:

For the digester system:

LCC=NPV((Cost+Costy,,+ Cost, y+ COSlyeee) -
(Revenue + OffsetCosts. + Revenug,...))

For the in-vessel composting system:

LCC = NPV(Cost, + Cost,,, +Cost,,,, + Cost. + Cost,..)

Eqpt.
Where:

LCC = Life Cycle Cost ($)

NPV = Net Present Value, or sum of the presentesbf all future cash flows

Cost = Present Value of Capital cost for system teabgyphbnd auxiliary equipment
Costqpt = Present value of all equipment replacementadié expected lifecycle
Cosbem = Uniform Present Value of annual Operation andnitésmance costs
Cosbiesel = Uniform Present Value of diesel fuel purchases

Cost = Uniform Present Value of electrical energy pusssa
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Revenuge = Uniform Present Value for energy revenues
Offset Cost = Uniform Present Value of offset energy purchgbkesit)
Revenuey, ree= Tipping fees from fats, oils and grease dispaséte facility

Neither the composting nor the digestion projecCL&halyses include a revenue stream for
fertilizer sales or carbon credits.

The LCC of the business-as-usual scenario wasleédcllby summing the annual present value
of the combined hauling and landfill disposal c@sgtseen in Appendix |.

The tipping fee is the cost required to coverathaining annual costs of a project once revenues
have been accounted for. This was calculated sl

(AnnualizedCapitalCosts+ AnnualO & M Costs- AnnualRevenuek
Tonsfood wasteprocessegeryear

Tip Fee($/ton) =
The annual cost for amortization of the capitaksegas calculated using the following formula:

AnnualizedCapitalCost= Total CapitalCost($) * ;n
1-(1+i)

where:

i = the discount rate (%)
n = year that the future cost or revenue occurarfye
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