
SUSTAINABLE AND RENEWABLE FUELS (M WU, SECTION EDITOR)

Current State of Anaerobic Digestion of Organic Wastes
in North America

Jessica L. Linville1 & Yanwen Shen1
& May M. Wu1

& Meltem Urgun-Demirtas1

Published online: 1 October 2015
# Springer International Publishing AG (outside the USA) 2015

Abstract With the large volumes of organic waste produced in
the USA each year (78.7 million tons of organic municipal solid
waste, 335 million tons of animal manure, and 130 million tons
of biosolids), there is potential to develop a viable biogas industry
via anaerobic digestion (AD) that can boost the economy and
provide a reliable, distributed source of renewable energy while
reducing greenhouse gas emissions. AD is a better practice for
organicwastemanagement than the current practice of landfilling
or incineration. Since 2013, US public policy and market condi-
tions have been looking increasingly favorable for the develop-
ment of AD of organic waste. Some of the main barriers to
commercialization of an AD industry include highly variable
organic waste characteristics and volume, process economics,
biogas cleanup requirements, policy, and public acceptance.
This paper discusses new technologies to overcome these bar-
riers with case studies from successful companies in the USA.
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Introduction

Methane is a potent greenhouse gas (GHG) and a valuable
source of energy [1, 2]. Biogas systems capture methane

produced from anaerobic digestion (AD) of organic materials
and utilize it to create energy (e.g., electricity, heat, and vehicle
fuel) [3, 4] and additional byproducts such as nutrient rich soil
amendments and fertilizers [1]. Studies have shown that the
digestate is less odorous, having lower density of pathogens,
and enriched nutrients compared to raw waste [3]. Historically,
AD was focused on waste management with the financial ben-
efits of bio-power being a secondary goal [5]. Therefore, it will
be beneficial to recover the large sources of suitable organic-
rich waste materials produced in the USA for biogas production
and convert them into energy and valuable products [1, 6–8].

Current waste management practices release large amount
of methane into the environment. In 2013, landfills were the
third largest source of CH4 emissions in the USA (114.6 mil-
lion metric tons of CO2 equivalent (MMT CO2e)) [9]. As the
largest portion of organic waste sent to landfills [10] and the
highly biodegradable nature of the waste [11], food waste
(FW) is usually the dominant contributor to considerable
amount of uncontrolled GHG releases from landfills [9].
Additionally, in the USA in 2013, manure management from
dairy cattle, swine, and beef cattle operation was the fifth
largest source of CH4 emission (61.4 MMT CO2e) and the
14,780 wastewater treatment plants (WWTPs) was the sev-
enth largest source of CH4 emissions (15.0 MMT CO2e) [9].
Together, these categories account for 29.2 % of total CH4

emission [9].
Comparisons of the economic and environmental impacts

of different FW management methods (landfilling,
composting, FW disposer to WWTPs, curbside collection
for direct AD, and curbside collection for AD at
WWTPs) determine that direct AD had the lowest total
CO2e emissions compared to the other methods [4, 12, 13].
Nationwide AD systems are projected to reduce cumulative
energy consumption by nearly 15 million TJ and reduce GHG
emissions by 7.2 billion tons CO2e, over a 50-year period
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[14]. Developing a viable US biogas industry can boost the
economy and provide a reliable, distributed source of renew-
able energy while reducing GHG emissions, improve air qual-
ity, and reduce dependence on foreign oil. This paper evalu-
ates the public policy changes necessary to have a successful
AD industry, the current state of AD in the USA and abroad,
and a few of the technical barriers to AD with case studies
from North America.

Public Policy

Digestion of organic waste is environmentally friendly; how-
ever, environmental regulations have not always been sup-
portive, introducing barriers from air, water, and biosolids
permitting requirements and discouraging organic waste-to-
energy via AD [15]. Since 2013, US market conditions have
been looking increasingly favorable for AD of organic waste
[16]. Although conditions still vary state-to-state, advances in
technological application, economic and environmental impli-
cations of FW disposal, and favorable legislative develop-
ments are driving local, state, and national investment interest
[16, 17]. Public policies used for commercial development of
AD can restrict competing technologies’ usage or promote
AD technologies for waste disposal and biofuel production.
The first group can be represented by various landfill bans,
landfill taxes, more strict environmental regulations of other
biofuel production processes, location restrictions,
environmental/agricultural regulations of feedstock produc-
tion, and others [14]. The second group of policies focuses
on creating awareness of AD technology overall and its ben-
efits and eliminating barriers for commercialization such as
promotion of usage of its desired products and promotion of
separate collection of waste [14].

Public policy promoting AD technology includes the re-
cent changes to the Renewable Fuel Standard (RFS2) by the
US EPA to include biogas as a cellulosic and advanced fuel to
meet renewable volume obligations (RVO) [18]. This action
promotes production of biogas for transportation and genera-
tion of Renewable Identification Numbers (RINs), creating a
market for AD of organic waste by overcoming the economic
barriers to digester operation and biogas production. Even with
the full utilization of biogas,WWTPs would not be able tomeet
the estimated 21 billion gallons of cellulosic biofuel RVO by
2022 [8] which will allow for an expanded market into other
organic waste utilization such as food waste and manure.

Multiple changes in policies are needed to promote further
AD development such as decreased overall capital intensity of
biogas production, promotion of biogas usage, decreased
biodegrable municipal solid waste (MSW) heading to land-
fills, promotion of further basic and applied research to im-
prove the AD process, and promotion of separate collection of
MSW [14]. A US feed-in-tariff program for AD could

dramatically improve the viability of AD because it would
provide stability and predictability in guaranteeing sufficient
returns on investment [19]. Perhaps the least controversial
mandate that local governments could adopt to support AD
technology is to require consumers to perform Bsource
separation^ of their wastes which requires organic waste to
be separated from nonorganic waste by end-consumers before
it is collected by waste services [19]. Cities such as Madison,
WI and San Francisco, CA have adopted zero waste goals as
part of their waste management strategies which restricts mass
incineration and landfilling [4, 20, 21]. San Jose, CA plans to
divert 80 % of its recyclable or organic waste from landfills
[14]. Connecticut and Massachusetts requires that each com-
mercial food wholesaler or distributor, industrial food manu-
facturer or processor, supermarket, resort, or conference center
meeting certain requirements ensure that their food waste is
recycled at an authorized composting facility [17]. Vermont’s
FW ban includes residential generators with source separation
by 2017 [17]. New York and Wisconsin have financial incen-
tive programs which provide financial assistance to small
businesses seeking to implement sustainable energy produc-
tion technologies [14]. Twenty-five states also have bans on
leaves, grass, and/or brush from landfill disposal [22].

Current State

AD technology is better established and more common in
Europe than in the USA [14, 17]. Countries such as
Germany, Denmark, and UK found a successful public policy
solution for further development of AD technology. Landfill
taxes, landfill bans, and various separate collection systems
for organic waste are essential elements of their public policy
[14, 19]. Many European governments also provide direct
financial assistance to renewable energy producers [19]. In
Europe, there are 244 AD plants with a treatment capacity of
almost 8 MMT/year of organic fraction of municipal solid
waste (OFMSW) which represents about 5 % of the biode-
gradable waste generated across Europe [23].

Biogas production from manure has been practiced suc-
cessfully for many years with 175–240 AD systems currently
utilizing organic waste in the USA, generating 541 million
kWh of energy and reducing methane emissions by approxi-
mately 1.2–2 MMT CO2e [1, 19]; however, many of these
facilities are farm-scale small operations [14, 19]. There are
also 1484 WWTPs with AD technology; however, less than
10 % of those plants utilize biogas for energy production [24].
Shen et al. produced a thorough review of the state of US
biogas utilization at WWTPs [8].

The US government has set a target for 20 % of the elec-
tricity consumed by Federal agencies to be renewable energy
by 2020 [1]. Estimates show that with proper support, more
than 11,000 additional biogas system could be added in the
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USAwith approximately 8000 utilizing livestockmanure, 500
utilizing landfill gas, and 2500 utilizing sewage sludge from
WWTPs which could produce enough energy to power more
than 3 million American homes and reduce methane emis-
sions equivalent by 4–54 MMT CO2e through fossil fuel re-
placement in 2030 [1]. Furthermore, if 50 % of the FW gen-
erated annually was anaerobically digested, it could produce
enough energy to power more than 2.5 million addition
American homes for a year [16].

Feedstock Assessment

AD works for many types of organic waste including FW,
animal manure, and sewage. In 2012, Americans discarded
149 MMT of MSW in landfills or by incineration, of which
approximately 31.5 MMTwas FW and 22.1 MMTwas paper
and paperboard (Fig. 1) [10]. With less than 5 % of discarded
FW being recovered, landfilling or incineration is an ineffec-
tive and unfeasible solution due to space limitations in the
USA and high moisture content of FW increases energy con-
sumption during combustion [7]. Furthermore, incineration of
MSW generates a variety of air pollutants that contribute to
impacts such as climate change, smog, acidification, and ad-
verse health effects [25]. Of the discarded MSW, an additional
13.0 MMTwas yard waste and 12.2 MMTwas wood (Fig. 1)
[10]. Together, these categories account for nearly 53 % of
discarded MSW. The USDA estimates that more than 335
MMT of animal manure is produced annually from the US
livestock industry [26] and WWTPs produce approximately
130 MMT of sewage sludge annually, and this volume will

increase with the growing population and stringent discharge
regulations (Fig. 1) [8] .

Overcoming Barriers to AD of Organic Waste

AD is a better practice for organic waste management by
effectively decreasing the volume of waste, producing an al-
ternative energy source as attributed to high solid destruction
efficiency (up to 90 %) with high methane yields [27–29].
Table 1 lists various types of waste providing the highest
methane yield [30–32]. This leads to decreased site space
and reduced carbon footprint. A bench-scale pilot study con-
ducted by East Bay Municipal Utility District in California
reported FW had three times the methane production potential
of sewage sludge [33].

Table 2 summarizes recent AD installations for FW, ma-
nure, or other organic waste in North America which will be
used as case studies below. A better understanding of the key
design and operating parameters and their variation during
AD of FWwill undoubtedly contribute to its future successful
application. Collaboration is needed between the waste gen-
erators and the waste managers to help address these barriers.

Solids Content

AD is practiced in two broad categories of solid content: high-
solids AD (HSAD or dry digestion) with typical total solids
(TS) content greater than 25 % and low-solids AD
(LSAD or wet digestion) with a TS content of less than
15 % [14, 19, 34]. A HSAD system leads to smaller,

Fig. 1 Organic waste for
potential use in anaerobic
digesters (data sources: [8, 10,
26])
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and thus less costly, digesters; however, more expensive
pumps are needed to move denser material. HSAD di-
gesters also benefit from producing little to no centrate
(reject water stream from dewatering of final digestate)
due to high initial solids content [35]. LSAD systems
have much better mixing, thus increases the degree of
digestion; however, they require larger reactor volumes,
more energy input and more process water [34]. TS of
FW are typically 30 %; therefore, water must be added
for most AD operations [5, 12]. Due to water usage constraint
and the transition of old compositing facilities to AD facilities,
dry systems have become standard in Europe, making up
60 % of the single-stage digester capacity installed [14].

Additionally, source separated versus mixed food waste
plays an important role in AD facility design. Mixed-waste
collection requires considerable pretreatment of the waste at
the AD facility to remove the nonorganic materials such as
metal, glass, plastic, and rock-like debris [19]. Nonorganic
materials can lead to up to 60% decrease in gas yield, because
of equipment malfunctions and sedimentation buildup in
LSAD units increasing maintenance costs [19, 23, 29, 34].
Source separation is often more effective than separation at
the plant which reduces the likelihood of breakdowns in AD
technology [19].

Case Study 1

The Monterey Regional Waste Management District facility
was the first operating SMARTFERM system in North
America which was completed in February of 2013
(Table 2) [35]. The system converts up to 5000 t per year
(TPY) of organic waste into biogas which provides power
and heat in a 100 kW combined heat and power (CHP) unit
and produces 2200 TPY of compost for local farms. Zero
Waste Energy, LLC (ZWE) designed the facility utilizing
SMARTFERM® HSAD proprietary technology [14, 35]
which does not require the removal of nonorganic materials
reducing costs. Under batch AD, the organic waste is finely
sprayed with conditioned process waster containing thermo-
philic microorganisms (Bpercolate^) that decomposes the
waste and produces biogas. The percolate is pumped in a
closed loop between the digesters and the heated percolate
tanks located beneath the dry digester [35]. Zero Waste
Energy offers two approaches to turn the digestate into salable
compost; in-vessel composting (IVC) system and Lane Turner
(LT) Technologies which mature the compost, reduce odor,
and remove ammonia from the digestate [35]. The San Jose
Zero Waste facility is the largest dry AD facility in the world.
The facility treats approximately 90,000 TPY of commercial
organic waste and produces 34,000 TPY high-quality com-
post (Table 2). Furthermore, the renewable biogas will provide
both on-site power and power for sale with the 1.6 MWelec-
trical output. The South San Francisco ZWE project was the
first US SMARTFERM dry AD facility to convert 11,200
TPY food and green waste into 100,000 diesel equivalent
gallons (deg) of low carbon compressed natural gas (CNG)
fuel per year, enough to fuel 10 collection vehicles and will
also produce 5000 TPYof compost (Table 2).

Organic Waste Characteristics

The high energy content of FW could significantly improve
the biogas yields of co-digestion systems [6]. FW has high
volatile solids (VS) to TS percent of over 80 % and digests
well with a high VS reduction of over 80 % [15]. Organic
waste rich in easily biodegradable matters such as carbohy-
drates and lipids can accelerate hydrolysis to provide more
soluble substrates for subsequent acidogenic andmethanogen-
ic processes [28]. However, the high TS, low pH, and chem-
ical composition of mixed FW such as C/N ratio or ammonia
can pose challenges for AD operation [3, 36–38]. Among
these parameters, the C/N ratio is one of the important param-
eters in AD, with an effective C/N ratio of 15–20 [38].
Furthermore, various cations, including Ca+ and K+, are re-
quired for microbial growth but can become inhibitory at
higher concentrations [28, 37, 39, 40]. Lipids can also be toxic
to anaerobic organisms; oleic and stearic acids can inhibit
microbial activity at concentrations of 1.0 g/L [38]. Other

Table 1 Biogas yield and specific biomethane potential of various
feedstocks (data source: [30–32])

Feedstock Biogas yield Specific biomethane potential

(m3 gas/ ton
wet mass)

(m3 CH4/ ton VS)

Fats, oil and grease 961 1250

Bakery waste 714 476

Rapeseed cake 660 396

Cereal grains 620 389

Molasses 315 308

Oat hull 283 190

Raw glycerol 250 185

Corn stover 217 180

Corn silage 200 340

Grass silage 180 310

Food waste 144 289

Poultry manure 140 280

Sugar beet 130 350

OFMSW 120 500

Brewery waste 118 313

Sweet sorghum 108 291

Potato pulp 80 336

Corn thin stillage 70 600

Alfalfa silage 70 300

Swine manure 28 250

Dairy manure 25 210
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inhibitory substances to AD of FW include volatile fatty acids
and hydrogen sulfide [7]. Significant interactions among var-
ious feedstocks can affect microbial community diversity and
methanogenic activity [41]. These challenges can lead to
drawbacks such as lower methane yield and longer digestion
time, hence larger digester installations. Areas of focus for
further research include stability of digestion systems receiv-
ing a variety of organic wastes and developing more sophisti-
cated organic loading rates to enable more aggressive loading
while maintaining stability [15].

Currently, co-digestion is the general way for increasing the
methane yield and production during AD [3, 4, 32, 39, 42]. The
attractive co-digestion feedstock includes fats, oil and grease
(FOG), FW and food scrap, paper, OFMSW, food/beverage
processing waste (e.g., brewery waste and dairy wastewater),
energy crops, agricultural residues (rye straw and rapeseed
straw), livestock manure, biofuel by-products (e.g., corn-
ethanol stillage, crude glycerol, and spent microalgae), and oth-
er high strength waste [4, 8, 28]. The co-digestion of multiple
feedstocks could also provide a better environmental practice
for reducing methane emissions from unstabilized carbon re-
maining in the digestate due to poor digestion. Several studies
indicate that an additional 1.5–15 % biogas may be produced
during the storage and processing of the digested residues be-
cause of continuation of anaerobic digestion and centrate super-
saturated with dissolved methane [43–47].

Case Study 2

A LSAD technology developed by quasar can be customized
up to 1.15 million gallons with a double membrane roof [48].
Quasar uses a wide range of feedstocks for co-digestion in-
cluding manure, FW, mixed organics, FOG, biosolids, and
high solids materials with a capacity ranging from 15,000
wet TPY which consists of approximately 25 % manure and
75% food waste at Jordan Dairy Farm in Rutland, MA [49] to
100,000 wet TPY which consists of approximately 50 % bio-
solids and 50 % other waste streams (FOG, food waste, sugar
water, and whey) at theWoosterWater Pollution Control Plant
in Wooster, OH [50] (Table 2). The biogas is utilized to pro-
duce 300–1000 kWh of electricity per year. Several of the
systems have CNG production capabilities which can produce
550–3600 gge/day. The AD process also produces a class A or
class B biosolids as a fertilizer alternative to increase the eco-
nomics of the process [51] with the Wooster Water Pollution
Control Plant producing 90,000 gal per day effluent with a
nutrient value of 10-6-1 (N-P-K) [50].

Design Characteristics

Design considerations include batch or continuous flow,
mixing, temperature, feedstock type, geographic locations,
and others [5]. Batch reactors are beneficial due to simple

operation and efficient for small volumes; however, disadvan-
tages include larger tank volume required due to the long
retention time, the low organic loading rate, and stratification
in an unmixed system [34]. The more common method is
continuous feeding where feedstock is frequently added to
the digester [5]. With continuous operation, the system is at
a steady rate and better mixed; however, the digestion efficien-
cy is decreased due to constant effluent removal [34]. The
plug-flow reactor and the sequencing batch-reactor combine
the advantages of the two extremes [34]. It is necessary to
correctly describe the mixing behavior of AD systems in order
to accurately predict the system performance, especially at
larger scales [2].

AD systems are typically designed to operate in one of two
temperature ranges: mesophilic (35–40 °C) and thermophilic
(50–55 °C) [5, 23]. Mesophilic digesters are more common
due to lower capital cost and ease of operation. Thermophilic
digesters produce more energy with biogas production rates
30–50 % higher compared to mesophilic digestion but are
generally more difficult to operate [5, 23]. Nearly, all US
digesters are mesophilic; however, new dedicated food waste
digesters tend to use HSAD technology and operate in the
thermophilic range which allows for faster processing, re-
duces the size of the digester, destroys pathogens in the waste,
and makes the residual material safe for use as compost and
organic soil amendment products [5].

Case Study 3

The first industrial-scale batch BIOFermTM HSAD plant in
the USA was installed at the University of Wisconsin-
Oshkosh in 2011 (Table 2) [52]. The facility utilizes up to
8000 tons of organics at a time including FW, yard waste, and
crop residue. The system produces an average 2.32 MWh/year
which can supply as much as 15 % of UWO’s electrical need
[52]. BIOFermTM is capable of recovering energy from almost
any kind of organic waste with a moisture content of less than
75 %. The system has many advantages over traditional LSAD
systems including utilization of large items and contaminated
waste streams (non-organics) [52].

COCCUS® is a complete-mix LSAD process for large vol-
umes of low-solids waste (8–12%) such as manure, biosolids,
FW, and energy crops. The COCCUS® process was imple-
mented atWisconsin’s largest dairy, Rosendale, in 2013where
it processes approximately 128,000 TPYof manure. The CHP
unit has 1.4 MWelectric capacity and 1.5 MW thermal capac-
ity and is expected to produce 11.8 million kWh of electricity
and 12.5 million MMBTU of thermal energy per year [52].

The EUCO®horizontal plug-flowHSADdigester is designed
for input materials with a solid content of approximately 17 %
[52]. EUCO® liquefies and hydrolyzes solid waste to provide the
second-stage digester, such as the COCCUS®, with well broken
downmaterial where the AD process is completed. The EUCO®
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plug flow digester was added to theAkronWastewater Facility in
OH in 2013 allowing the system to process 100% of the sewage
sludge from theWWTP and creates additional renewable energy
(Table 2). The plant consists of three EUCO®plug flow digesters
and three COCCUS® complete mix digesters which can handle
up to 15,000 TPYof biosolids with maximum TS of 15 %. The
2013 expansion included upgrades to the CHP unit which now
has 1.2MWelectric capacity and 1.3MW thermal capacity [52].

The EUCOlino is a small scale HSAD digester that ex-
pands the opportunity for energy generation. EUCOlino’s ver-
satility allows it to process a wide range of feedstocks with
varying solids content. The EUCOlino unit was installed at
Allen Farms, in Wisconsin in 2012 to process up to 2000 tons
of manure (Table 2). The CHP unit has an electric capacity of
64 kW and a thermal capacity of 101 kW with an average
annual electricity production of 512,000 kWh [52].

Staged Digesters

Conventional AD facilities are single stage where hydrolysis
through methanogenesis occurs in the same digester [34]. For
single stage systems, high strength organic waste may lead to
digester overloading, acidification, and reactor upset [6].
Alternatively, two stage AD systems may be less susceptible
to system overloading. Two-stage AD systems separate acid
fermentation in the first stage from methanogenesis in the
second stage for the purposes of optimizing reactor conditions
for the different microbial populations [6]. Applications of
two-stage AD systems for FW have proven effective for re-
solving pH and alkalinity inhibition issues [6] and leads to
higher biogas and methane yields [5]. However, increasing
the number of stages increases not only capital cost but also
operation and maintenance (O&M) requirements [5].

Case Study 4

CleanWorld’s BioDigesters are a thermophilic, high-rate,
three-stage HSAD (up to 50 % solids) continuous system.
The first stage hydrolyzes the organic materials. The second
stage converts the hydrolyzate to methane. The third stage
finishes the methanification, producing leachate with much
lower organics than other systems. Each reactor operates un-
der a short retention time, allowing for rapid waste through-
put. The system was especially engineered with organic waste
in mind, including agricultural residues, commercial food pro-
cessing waste, and restaurant and supermarket food scraps. In
2012, CleanWorld’s first commercial HSAD system was
installed at American River Packaging in Sacramento, CA
where it converts over 2900 TPY of FW and unrecyclable
corrugated material into 474.5 MWh and 1000 TPY soil
amendment each year (Table 2). Sacramento BioDigester
was built in 2013, utilizes 40,000 TPY of organic waste, and

generates 700,000 DGE/year of CNG fuel as well as 10 mil-
lion gallons of liquid fertilizer and soil amendments [53].

Economic Viability

AD systems are capital intensive and economic viability
heavily depends on revenue models for generating biogas
and nutrient rich soil amendments. While average AD project
payback time is 5 to 7 years, some feasibility studies estimate
a longer period [4, 16, 54]. Capital costs are high due to the
equipment necessary for biogas production and upgrading, in
particular biogas upgrading and treatment is one of the major
factors determining the feasibility of AD [16, 29]. The O&M
costs are also considerable at AD facilities [5]. In order to
minimize payback time, all revenue streams of an AD project
should be maximized: converting biogas into electricity for
sale, recovering available thermal energy, charging tipping
fees for processing organic waste, and selling the digestate
as a bio-fertilizer [4, 5, 16, 54]. While tipping fees help the
process economics, they are generally insufficient to fund an
AD system alone. Furthermore, tipping fees for FW must be
lower (or subsidized) to incentivize separation of wastes and
delivery by private waste haulers [5]. In 2008, the average
tipping fee in the USAwas $40.08 per metric wet ton of waste
[22]. Therefore, to be profitable, an AD facility must find
customers for its products. The ability to sell excess electricity
back to the grid (net metering) is indispensably important in
making these facilities profitable [4, 17]. However, the AD
facility may not need all the power produced and the value
to sell it can be significantly less than the avoided cost of
buying it [15]. The digestate from the AD process has soil
enhancement qualities which when applied to growing crops
reduces the need for synthetic fertilizers [1, 17]. For example,
the quasar LSAD effluent has a nutrient value of 10-6-1 (N-P-
K) [50]. Furthermore, the centrate is characterized with having
high levels of total solids, ammonia, and phosphorus [55, 56].
Even though the centrate stream normally constitutes only 1 to
2 % of the influent flow, it contributes approximately 15 to
40% of the nutrient load, such as N and P [56]. If not managed
properly, the centrate can have a significant impact on treat-
ment performance of WWTPs and increases GHG emissions
from WWTPs significantly [43, 44, 55]. However, there are
many physical/chemical (struvite precipitation, ammonia re-
covery process, hot air/steam stripping, etc.) and biological
treatment (deammonification by ANAMMOX, nitritation by
SHARON® or AT-3, bioaugmentation by BABE® or
InNitri®, etc.) technologies that can be used to treat the reject
water in a cost-effective manner [55, 56].

The legislation relevant to the construction and operation of
facilities utilizing AD of FW, while varying among munici-
palities and states, fall under four general categories: zoning
laws and permitting, demand for biogas, net metering, and
access to source separated organic material [17].
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Case Study 5

Harvest Power’s continuous LSAD (5–15 %) operations are a
two-stage system that maximizes biogas production with a
thermophilic hydrolysis stage and a mesophilic methanogenic
stage. Energy Garden facility in Orlando, FL has the capacity
to treat 120,000 TPYand produce 3.2 MWelectrical capacity
and 3.8 MW thermal capacity. Harvest Power maximizes the
economic viability of the AD process with co-digested of FW
from local tourist and resort location with thickened waste
activated sludge from the adjacent WWTP. The location of
the facility allows them to recuperate operational costs
through collection of tipping fees for wastes [5]. The digestate
from the digester is separated into a solid and liquid stream.
The solids residual is dried to create 5000 MTPY granular
fertilizer. The centrate is treated to recover phosphorus by a
struvite reactor creating solid struvite fertilizer pellet, and an
Anammox sequencing batch reactor is used to reduce the bi-
ological oxygen demand and total nitrogen before discharge
back to the WWTP [57]. Harvest Power maximizes the eco-
nomics by selling the finished compost material and struvite to
the retail outlets and energy generation through 7 MW CHP
unit. The Harvest Energy Garden LSAD facility London, ON
has a capacity for 100,000 TPY of organic wastes and can
produce 5.7 MW CHP with 2.8 MW electrical capacity and
2.9 MW thermal capacity and 5200 MTPY granular fertil-
izers. Harvest Energy Garden utilizes HSAD batch operations
at the Richmond, BC which has a 40,000 TPY capacity for
mixed food and yard waste (20–50 % solids) and utilizes a
2.2 MW CHP unit with 1.1 MW electrical capacity and
1.1 MW thermal capacity and produces 21,000MTPYof high
quality compost [58].

Conclusion

As landfills reach capacity and awareness of global warming
limits the acceptance of solid waste incineration, more de-
mand for sustainable uses of waste will build. The USAwould
benefit considerably in terms of renewable energy production
and environmentally conscientious waste management if AD
technology was more widely utilized. Developing a viable US
biogas industry could boost the economy and provide a reli-
able, distributed source of renewable energy while reducing
GHG emissions. Biogas systems have historically been
installed to manage waste but can improve profitability for
operations through energy and co-product sales, nutrient re-
covery, and avoided energy costs.
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