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White Paper on High Performance Anaerobic
Digestion
When we hear high performance, we usually think of energy and power. From an energy
perspective, anaerobic digesters are an energy conversion process that converts volatile
solids into digester gas. We call this conversion of solids to gas through a biological process,
bioenergy conversion. Digester gas production can be roughly estimated on a per capita
basis at 1.5 to 3.5 ft3/person/day depending on the mixture of domestic and industrial
wastes. With a typical lower heating value of 570 BTU/ft3 (21,300 kJ/m3) and assuming a 33
percent efficient electric generation system (e.g., digester gas fueled, engine-driven
generator) it would take 125 to 290 people to generate 1 kW of electricity while concurrently
providing the opportunity to recover heat for internal use.
Although sometimes the primary interest of anaerobic digestion is bioenergy conversion,
most wastewater agencies operate anaerobic digestion primarily for solids stabilization as
part of an overall solids processing system. Solids processing refers to the screening, grit
removal, thickening, stabilization, dewatering, drying, and disinfection of sewage solids.
Stabilization of sewage solids is one of the key processes and several techniques can be used
such as: anaerobic digestion, aerobic digestion, alkaline treatment, and composting. The
primary purpose of stabilization is to reduce the biological activity of organic matter in raw
sewage solids. Active organic matter can attract disease-carrying vectors such as flies. The
secondary purposes of stabilization are to reduce the mass of organic solids and the
concentration of pathogenic bacteria. In the case of anaerobic digestion, its ability to convert
volatile solids into a useable gaseous fuel (digester gas) is gaining in importance.
Why consider high performance (advanced) anaerobic digestion at a wastewater treatment
plant? There are several reasons for looking at advanced or high performance digesters.
One reason could be to reduce the high cost of solids processing. Another reason could be
to reduce pathogen concentrations to achieve higher quality biosolids. Or high performance
digesters may be desired to reduce energy costs by producing more digester gas. The focus
may be on reducing biosolids hauling costs by reducing the amount of biosolids requiring
dewatering and trucking to a final destination, a form of energy conservation.
Alternatively, it may be focused on reducing the reactor size or increasing its loading
capacity for site constrained facilities
Sometimes improved operating characteristics of existing digesters are of greatest concern.
Improved digestion performance can result from eliminating a foaming problem, improving
the mixing, upgrading the digester gas system, providing additional heating, or enhancing
the feeding and withdrawal system. There are treatment plants that need more digestion
capacity but are limited on available space. In this situation more capacity is desired out of
the existing digesters. When an investment is required, there is interest in a faster return on
the investment through savings on capital and/or operating costs.
In general, wastewater agencies are searching for additional value from their solids
processing system. Many wastewater agencies are striving to reduce costs for solids
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processing at the same time they are being pressured to improve biosolids quality to satisfy
users and the public. Some agencies are implementing productivity initiatives with
objectives of competitive performance. High performance anaerobic digestion could be part
of the solution for these wastewater agencies.
In this paper we discuss the objectives of high performance anaerobic digestion. After
discussing the objectives, we discuss some of the generic processes used to enhance
digestion. After discussing each of these processes, we summarize their advantages and
disadvantages.

Objectives of High Performance Anaerobic Digestion
The objectives of high performance digestion include:
•
•
•
•
•
•
•

Greater Bioenergy Conversion
Improved Biosolids Quality
Energy Conservation
Increased Digester Capacity
Enhanced Operating Characteristics
Faster Return on Investment
Reduced solids mass

We recognize that a wastewater agency may want to achieve several of these objectives
simultaneously. Below, we discuss how high performance anaerobic digestion can meet
these objectives.

Greater Bioenergy Conversion
Anaerobic digestion is one of the oldest, proven processes used for the stabilization of solids
resulting from municipal and industrial wastewater treatment. In addition to stabilizing
solids, anaerobic digesters serve as an energy conversion process by converting volatile
solids into digester gas. The digester gas resulting from the bioenergy conversion,
sometimes referred to as biogas, is a renewable fuel. The energy content in digester gas
comes from methane: its dominant constituent.
Biogas can be converted into heat, in the form of hot water or steam, through combustion in
boilers or electricity and heat through a combined heat and power (CHP) system.
Numerous CHP (i.e., cogeneration) systems have been installed at wastewater treatment
plants. The continuous power and heat demands of wastewater treatment plants are well
suited for cogeneration systems resulting in high utilization of installed generator capacity
and in beneficial use of the recovered heat. The recovered heat from a digester gas fueled,
CHP system is usually adequate to not only meet the anaerobic digester process heating
requirements but the space heating requirements of the plant as well. The generated
electricity is enough to provide as much as 60 percent of the plant’s average electricity
demand.
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With the recent volatility in energy rates, the cost of energy (both natural gas and electricity)
has fluctuated at many wastewater treatment plants. Typically, energy costs have increased
and represent a greater percentage of the annual budget. By achieving greater bioenergy
conversion, more biogas can be produced to supply more of the plant’s energy demand.
Biogas can be beneficially used in boilers for process and space heating or in CHP systems
for generation of electricity as well. Biogas-fueled internal combustion engine-driven
generators have been used for decades at
wastewater treatment plants. Biogasfueled gas turbines are used as the prime
mover at a few large plants. Emerging
technologies such as micro-turbines, and
phosphoric-acid fuel cells have been
installed at a few treatment plants and are
continuing to run on biogas. A molten
carbonate fuel cell installation fueled by
biogas has been designed and installed at
King County, Washington’s South
Treatment Plant and is currently being
commissioned.
Figure 1: A Molten Carbonate Fuel Cell
Facility is being installed at King
Improved Biosolids Quality
County’s South Treatment Plant.
One of the driving forces for the
development of high performance digestion technologies is the increasingly stringent
regulatory requirements for biosolids handling. With increasing environmental regulation,
rising disposal costs, and a greater emphasis on public perception, the production of high
quality biosolids is becoming more important. High quality biosolids have an improved
public perception and a tremendous opportunity for beneficial use through land
application.
Biosolids, as defined by US EPA Part 503 regulations, are divided into two classifications,
Class A and Class B, based on the resulting pathogen density level achieved by the
treatment process. All biosolids that are to be land applied for beneficial use must meet the
requirements of one of these classifications.
Class B biosolids are usually achieved through a Process to Significantly Reduce Pathogens
(PSRP). These processes include conventional aerobic and anaerobic digestion, composting,
lime stabilization, composting, and drying. There are a number of restrictions on the
harvesting of food crops, grazing of animals, and public access to land where Class B
biosolids have been applied.
Class A biosolids can be achieved through a Process to Further Reduce Pathogens (PFRP).
These processes include composting, heat drying, thermophilic aerobic digestion, and
pasteurization. The production of higher quality, Class A biosolids offers the advantage of
increased flexibility since there are few restrictions on the beneficial use or sale of Class A
biosolids.
In order to be recognized as producing Class A biosolids with anaerobic digestion alone
(i.e., pasteurization or heat drying) either the process must satisfy the time-temperature
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criteria specified in Part 503 or obtain a PFRP equivalency recommendation from the US
EPA’s Pathogen Equivalency Committee (PEC). Class A biosolids can be produced by
coupling mesophilic digestion with pasteurization or heat drying. Thermophilic digestion
can produce Class A biosolids by meeting the time-temperature criteria and obtaining a
PFRP equivalency certification from the PEC.
It must be recognized that the US EPA Part 503 regulations also regulates pollutant
concentration, vector attraction reduction and management practices. Due to the excellent
industrial pretreatment requirements by most wastewater agencies, pollutant levels are
generally quite low. Properly-operated conventional and high performance anaerobic
digesters can meet the vector attraction reduction criteria. Biosolids very low in pollutant
levels, Class A in pathogen density levels, and meeting vector attraction reduction criteria
can be classified as Exceptional Quality (EQ).

Energy Conservation
There are several ways that high performance digestion results in energy conservation. If
EQ/Class A biosolids are produced, energy can potentially be conserved by reduced
trucking requirements because distribution can occur at closer locations. Greater volatile
solids reduction can conserve energy by reducing the amount of solids to be dewatered and
transported. Improved dewatering characteristics from some high performance digestion
processes can conserve energy by reducing the energy required for hauling because of the
higher solids concentration and reduced water content of the biosolids product. An increase
in volatile solids conversion or a few percent increase in the solids concentration of
dewatered biosolids can have a significant impact on biosolids handling costs due to
reduced trucking alone. Additionally, greater solids destruction in the digesters and
concurrent reduction in solids being fed to dewatering can reduce polymer consumption
with a savings both in polymer cost and reduced environmental impacts associated with
production and transport of the polymer.

Increased Digester Capacity
High performance digestion to enable higher loading rates may be of interest either to avoid
expansion of existing facilities or decrease the size and cost of new facilities. Achieving
stable digestion with higher loading rates results in increased digester capacity. Several
wastewater agencies have considered or are implementing high performance digestion
processes to increase digester capacity. When faced with limited available land or the cost
of new digesters, enhancing the digestion performance can be a viable alternative.

Enhanced Operating Characteristics
Some solids processing facilities at wastewater treatment plants have problematic operating
characteristics. Some have difficult-to-digest solids, odor control problems, foaming
problems, instability episodes, poor dewatering characteristics, low volatile solids
conversion rates, and low quality or quantity digester gas production. Sometimes the
solution is fundamental improvements to conventional mesophilic digestion. Other times a
high performance digestion process may be beneficial.
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Faster Return of Investment
Many wastewater agencies are striving for competitive performance with respect to capital
expenditures, asset management, and operating costs. Along with labor, chemical, and
energy, solids processing represents a significant portion of the overall costs at a wastewater
treatment plant. The capital and operating costs of thickening, digestion, dewatering,
hauling are significant. High performance digestion has the potential to reduce capital and
operating costs to result in a faster return on a wastewater agencies investment.

High Performance Processes
As we discuss high performance aspects of an advanced digestion technology, it will be
helpful to review the fundamental theory of anaerobic digestion. Anaerobic digestion is the
decomposition of organic matter in sewage solids into methane gas and carbon dioxide by
microorganisms in the absence of air. There are three major reactions or phases of anaerobic
digestion: hydrolysis, acidogenesis, and methanogenesis. Hydrolysis has been found to be
the slow rate-limiting step [Fergusen]. Acidogenesis, also called fermentation or the acidforming phase, forms soluble organic compounds and short-chain organic acids. In the
methanogenesis phase, bacteria convert the organic acids into methane and carbon dioxide.
There are several opportunities for enhancing the anaerobic digestion process. A given
process could enhance the operating characteristics (e.g., uniform feeding, better mixing,
more uniform and adequate heating) of conventional mesophilic digestion. Another process
could create ideal environments for the key phases of digestion: e.g., acid-forming phase
and gas-forming phase. There is an opportunity to increase the reaction rates while
reducing pathogen concentrations by increasing temperatures that support mesophilic
bacteria to temperatures that support thermophilic bacteria. Or a process could extend the
solids retention to benefit from more solids reaction time. The processes mentioned above
could also be combined. For example, one or both of the acid/gas phases could be operated
at thermophilic temperatures.
The following high performance processes are discussed below:
•
•
•
•

Optimizing the components of conventional mesophilic digestion
Operating at a thermophilic temperatures
Separating the reactions of digestion into acid and gas phases
Increasing the solids retention time greater than the hydraulic retention time

There are several processes that are coupled with digestion to improve the performance of
the overall solids processing system that are not included in this paper. These processes
include:
•
•
•
•

Thermal, mechanical, or chemical hydrolysis
Chemical treatment
Enzyme or catalyst enhancements
Pasteurization
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Optimize Conventional
In many cases the performance of conventional mesophilic digestion can be improved. Too
often the performance of advanced digestion processes is compared to poorly performing
mesophilic digestion. High performance mesophilic digestion can compete with some
advanced digestion processes for improved operating characteristics including volatile
solids reduction and digester gas production.
For any anaerobic digestion process (conventional or high performance) to be successful,
major attention needs to be paid to pre-treatment. Specifically, efforts need to be addressed
with respect to debris removal (fine screens, solids screening, etc.), grit removal and
thickening. Additionally, intermediate grinding, energy conservation, heat recovery and
mixing are critical areas that must be addressed.
A simple schematic of conventional mesophilic anaerobic digestion is shown in Figure 2. A
generic mixing system that could be any one of several mixing systems (e.g., hydraulic, draft
tube, or gas, etc.) is represented. Numerous other simplifications have been made. For
example, grinders are not shown and only one feed position is shown. Sometimes raw
solids are fed ahead of the circulating pump or heat exchanger. Typical operating
temperatures of mesophilic digestion at municipal wastewater treatment plants are 95º to
98º F (35º to 37º C). Most modern anaerobic digesters are single-stage, high-rate digesters.
Some of the features of a well-designed and well-operated mesophilic digestion process are:
•

Uniform (or semi-continuous/continuous) feed of screened and de-gritted raw solids

•

Automatic removal (positive control) of floatables, scum, and foam

•

Complete mixing

•

Adequate heating

•

Improved pre-thickening of feed

Enhancing the features mentioned above can optimize a conventional mesophilic digester.
Improvements to a conventional digester would be beneficial to a high performance digester
as well. It makes sense to optimize the fundamental operating features of a conventional
digestion system before or in conjunction with advancing to high performance digestion.
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Digester Gas
Digested
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Exchanger
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Figure 2: Conventional Mesophilic Anaerobic Digestion
An advantage of mesophilic digestion is its prevalence. Many operators understand how to
control the fundamental process of mesophilic digestion and are familiar with desired
operating parameters. Desired operating parameters such as organic loading rates, solids
and hydraulic retention times, temperature, volatile acid and alkalinity concentrations, and
pH are well defined for digesters receiving feed at concentrations of 3% to 4%, but need to
be reassessed for digesters receiving feed at higher concentration e.g. greater than 8% solids
concentration. The energy demands associated with heating to mesophilic temperatures are
modest and the stress on concrete tanks is reasonable and less than higher temperature
processes such as thermophilic digestion. Upgrading an existing conventional mesophilic
digestion system, versus selecting capital-intensive modifications to a high performance
system, may result in the lowest life cycle cost and a faster return on investment.
A disadvantage of mesophilic digestion is that it
does not reduce the pathogen concentrations
enough to produce Class A biosolids. Mesophilic
digesters could be installed in series to reduce
short-circuiting and pathogen concentrations, but
Class A quality biosolids would probably not be
achieved. In order to produce Class A biosolids
mesophilic digestion would need to be coupled
with another process such as pasteurization or heat
drying. Mesophilic digestion reaction rates are
slower than more advanced processes and
therefore more tank volume would be required for
the same amount of solids. The solids reduction
and dewatering characteristics may not be as good
as more advanced digestion systems.
At mid- to large-size wastewater treatment plants,

Figure 3: Two secondary digesters
were upgraded to high rate primary
digesters at the Chambers Creek
Regional Wastewater Treatment
Plant, Pierce County, WA
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mesophilic anaerobic digestion is the most commonly used process to produce Class B
biosolids. Class B biosolids are produced at the Chambers Creek Regional Wastewater
Treatment Plant, Pierce County, WA (See Figure 3). Recently, Pierce County upgraded two
secondary digesters to high-rate primary digesters and avoided building another digester.
As part of the upgrade, provisions were made for converting to thermophilic followed by
mesophilic digestion in the future. Pasteurization was also considered in conjunction with
mesophilic digestion. Currently, Pierce County plans on continuing with mesophilic
digestion and adding a heat drying process for producing Class A biosolids.

High Temperature (Thermophilic) Digestion
High temperature anaerobic digestion is similar to mesophilic digestion, except the process
occurs at thermophilic temperatures, about 122º to 135º F (50º to 57º C). Interest in
thermophilic digestion is based on the principle that higher temperatures reduce pathogens
and thermophilic bacteria result in more rapid reaction rates than mesophilic bacteria.
Research has shown that pathogen destruction follows a time temperature relationship,
with higher temperatures requiring shorter exposure times for pathogen destruction [De
Leon]. According to several literature sources, operation at temperatures greater than 135º F
(57º C) causes an increased sensitivity to thermal shock; therefore it may be desirable to
avoid higher temperatures.
There are several variations of high temperature digestion: thermophilic digesters in series,
thermophilic followed by mesophilic, mesophilic followed by thermophilic followed by
mesophilic, with the most common being thermophilic followed by mesophilic.
Thermophilic followed by mesophilic digestion is often referred to as TPAD (temperature
phased anaerobic digestion). Following thermophilic digestion with mesophilic digestion
allows for this process to take advantage of thermophilic digestion without the
disadvantage of greater odors from high volatile fatty acids in the digested biosolids. Figure
4 is a schematic of thermophilic-mesophilic anaerobic digestion.
Digested Sludge
Digester Gas
Raw
Sludge
Heat
Exchanger

Mixing

Mixing

Circulating
Hot Water Pump
Thermophilic
Digester

Heat
Exchanger

Chilled
Water

Circulating
Pump

Mesophilic
Digester

Figure 4: Thermophilic Mesophilic Anaerobic Digestion
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The advantages of thermophilic digestion are:
•

Increased volatile solids reduction for greater bioenergy conversion

•

Faster reaction rates for shorter retention times and greater capacity for a given volume

•

Increased pathogen destruction for improved biosolids quality

•

Improved dewaterability of the digested biosolids

The most frequently cited disadvantages of single-stage thermophilic digestion are:
•

More intense odor from the biosolids resulting from a higher volatile fatty acid (VFA)
content

•

Higher energy requirements for heating solids to a higher temperature and maintaining
the digesters at a higher temperature

•

Greater thermal stress on concrete digesters due to higher temperatures

•

Increased moisture in the digester gas resulting in a substantial increase in condensate

•

Greater ammonia levels in the dewatering filtrate/centrate. The increased ammonia
level is a function of the amount of VS destruction and the concentration of feed. If high
temperature digestion is being used to achieve Class A and/or shorter detention times,
ammonia concentrations should be comparable to that of a mesophilic digester
achieving the same VS reduction. These levels can be a problem at plants requiring
ammonia removal.

•

Mechanical problems such as plugging of heat exchangers from caking due to higher
operating temperatures

Class A quality biosolids can be produced from thermophilic digestion when the timetemperature criteria specified in the US EPA Part 503 are satisfied. The operational challenge
is protecting against “short-circuiting” and ensuring that every particle is exposed to
conditions to reduce pathogens to acceptable levels. One method is to operate the
thermophilic digester in a batch mode instead of a continuous or semi-continuous mode
[Sandino]. Another approach is to operate several thermophilic digesters in series [Krugel].
With respect to odors, it has been observed at the Lions Gate plant in Vancouver, British
Columbia that the odors associated with thermophilic digestion are short-lived and the
product is eventually less odorous than mesophilic biosolids [Shimp]. Following
thermophilic with mesophilic digestion has also addressed the odor concerns. The life cycle
costs can be greater or less than mesophilic depending on the site-specific situation with
respect to energy rates, trucking, beneficial use of biosolids, heat recovery, etc.
Several full-scale thermophilic digestion facilities now exist in North America including:
•

Annacis Island Plant, Vancouver, British Columbia, Canada; Staged Thermophilic
(multiple thermophilic digesters in series)

•

Lions Gate WWTP, Vancouver, British Columbia, Canada; Staged Thermophilic

•

Mason Farm WWTP, OWASA, NC, Staged Thermophilic
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•

Western Lake Superior Sanitary District (WLSSD), Duluth, MN; Temperature Phased
(Thermophilic/Mesophilic)

•

Neenah-Menasha, WI; Temperature Phased (Thermophilic/Mesophilic)

•

Sturgeon Bay, Wisconsin; Temperature Phased (Thermophilic/Mesophilic)

Other wastewater agencies are operating lab-, pilot-, and full-scale demonstration facilities.
The first “Greenfield” temperature phased anaerobic digestion facility is now operating at
the Western Lake Superior Sanitary District (Figure 5).

Separate Acid/Gas Phases
The acid gas (AG) process consists of an acidforming digester followed by a gas-forming
digester (See Figure 6). The theory behind the
AG process is that creating separate ideal
environments for the acid forming and gas
forming bacteria can enhance digestion
performance. The “acid digester” is highly
loaded and has a short detention time of 1-2
days. A “gas digester” that is more lightly
loaded and follows the acid digester, has a
longer detention time of about 10 days.

Figure 5: Western Lake Superior
Sanitary District Temperature Phased
Anaerobic Digestion Facility

Biological hydrolysis occurs in the acid
digester, but minimal amounts of methane gas
are produced. The gas production from the acid digester is typically less than 6 percent of
the total AG process. The gas composition from the acid digester has a lower quality than
the from the gas digester and usually contains less than 40% methane. The relatively short
detention time of the acid digester can be maintained by allowing for varying volumes in
the digester corresponding to variations in the raw solids flow.
In order to create the desired environmental conditions in the gas digester, the conditions of
a conventional digester must be met. The gas digesters are based on flow-through, constant
volume reactors. Therefore, the detention time varies with the flow rate of raw solids.

BIOENERGY SUBCOMMITTEE – HIGH PERFORMANCE ANAEROBIC DIGESTION
Working Document as of January 15, 2004

11

WHITE PAPER ON HIGH PERFORMANCE ANAEROBIC DIGESTION

Digester Gas
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Figure 6: Acid Gas (AG) Digestion
There are several versions of the AG process where different operating temperatures are
used for the acid and gas phases. The acronym for two mesophilic digesters in series is
AGMM; a mesophilic acid digester followed by a thermophilic gas digester is referred to as
AGMT, and a thermophilic acid digester followed by a mesophilic gas digester is referred to
as AGTM. One of the reactors must be thermophilic in order to achieve Class A level
pathogen reduction.
The advantages of the AG process are:
•

Greater volatile solids destruction in a smaller volume than a conventional mesophilic
digestion process

•

Achieving greater volatile solids destruction would result in a reduction of solids and
consequently a reduction in solids processing and handling after digestion

•

Foam control

•

Increased gas production, stability

•

Class A potential with AGMT or AGTM configuration

•

Potential for lower life cycle cost due
to reduced requirement for digester
volume

The disadvantages of the AG process are:
•

Increased complexity from multiple
phases

•

Requires maintaining a shortdetention time acid phase reactor

•

Requires separate handling of acid
phase off-gases that have low
Figure 7: Woodridge-Greene Valley Plant,
IL first operated in the
AGMM mode and now has 10 years
operation in the AGMT process.
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concentrations of methane and potentially high concentrations of hydrogen sulfide (or
you could scrub that gas through the conventional digester, thus capturing the volatile
acids in the gas stream)
•

Significantly higher odor potential during maintenance of the acid phase digester

There has been a significant increase in full-scale operating plants using the AG digestion
process in just the last few years. The following wastewater agencies are operating AG
facilities in North America:
•

DuPage County, IL, AGMT

•

Inland Empire Utilities Agency, CA AGMTM (three phase)

Extended Solids Retention
The extended solids retention (ESR) process involves separating the hydraulic and solids
retention times in anaerobic digester by using recycle thickening (See Figure 8). The ESR
process separates the solids from the digested biosolids by using thickening equipment.
The thickened digested biosolids are then blended with the incoming raw solids, and
reintroduced back into the digester. This process allows for a longer solids residence time
when compared to the hydraulic residence time since the solids are separated from the
liquid and returned. The benefit of this process is to return active bacteria back to the
digester so that they further decompose the organics and increase methane formation. An
additional benefit may be the elutriation of inhibitory metabolic byproducts during the
thickening process, thus resulting in more complete digestion.

Digester Gas
Digested
Sludge

Raw Sludge

Solids
Separation

Clairfied
Liquid

Mixing
Heat
Exchanger

Digested Sludge
Mesophilic
Digester

Circulating
Hot Water Pump

Solids
Recycle Pump
Figure 8: Extended Solids Retention Digestion
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Various thickening technologies can be used for solids separation of the recycle stream.
When extended solids retention (sometimes referred to as recuperative thickening or the
anaerobic contact process) was conceived over 40 years ago, gravity thickening was used for
solids separation. Centrifugal and anoxic gas flotation technologies have recently been
installed at full-scale. Other thickening technologies such as dissolved air flotation and
gravity belt thickeners may also be applicable.
One concern with ESR has been whether anaerobic bacteria would survive the thickening
action if they would be exposed to oxygen and a lower temperature environment. Studies
have shown, particularly at the Spokane, Washington Advanced Wastewater Treatment
Plant, that the methane forming bacteria can and will survive this temporary environmental
change [Reynolds]. This is a change in conventional thinking that the bacteria were overly
sensitive to an oxygen exposure and temperature change.
There are several advantages for the use of Extended Solids Retention, including the
following:
•

Anaerobic digester volume can be decreased

•

Extended solids retention allows for further organic conversion to methane gas.

•

Potential for enhanced operating characteristics (particularly if elutriation occurs in the
thickening process)

•

Traditional thickening equipment already on site can be used thus eliminating the cost
for purchasing specialized treatment systems.

•

Overall reduction in polymer usage could be achieved

•

The increased solids concentration can serve as a buffer to shock loadings

•

Reduced digester volume requirements may result in lower life cycle cost

•

Separating the SRT from the HRT provides greater flexibility in solids removal from the
an ESR digestion process

•

Increased solids concentration in the dewatering feed may result in improved
dewatering.

The disadvantages of ESR are:
•

An additional thickening process is required

•

Space required for the thickening equipment reduces the net space savings from the
reduced digester footprint

•

Added complexity

•

The added capital and operating cost of additional thickening equipment.

•

More research is needed to understand the kinetics of recycling viable microorganisms
in anaerobic digesters
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King County tested ESR at their West Point Treatment Plant using centrifuges. ESR Pilot
testing was conducted using anoxic gas flotation (AGF) with a 500 gallon digester at King
County’s South Treatment Plant. The Southwest Suburban Sewer District operates a fullscale extended solids retention (ESR) using anoxic gas flotation (AGF). [Burke]
The Extended Solids Retention Process using
dissolved air flotation thickening has been
successfully employed at the Spokane,
Washington Advanced Wastewater
Treatment Plant. Studies showed that methaneforming bacteria could survive temporary
exposure to oxygen.

Figure 9: The extended solids retention
process has been successfully employed
at the Spokane, Washington Advanced
Wastewater Treatment Plant.
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Summary
Many of the objectives of wastewater agencies can be met by high performance anaerobic
digestion. The needs of these agencies are subject to change, but currently the focus is on
energy management, biosolids quality and pathogen reduction, getting more capacity out of
existing digesters or improving their operating characteristics, and realizing lower life cycle
costs.
The number of full-scale, high performance, anaerobic digestion processes in operation is
increasing. Their ability to achieve greater bioenergy conversion, improve biosolids quality,
conserve energy, increase capacity, enhance operating characteristics, and lower life cycle
cost show considerable promise. Yet, these emerging processes are not without their
disadvantages. Some require coupling with other processes such as pasteurization or heat
drying to achieve a Class A biosolids product. Or in the case of thermophilic digestion
systems, obtaining the approval of the US EPA Pathogen Equivalency Committee, as a PFRP
is crucial.
The desire for higher quality biosolids and energy cost savings measures are probably going
to continue to increase. Increasing the performance of anaerobic digestion can play a
significant role in achieving the objectives of wastewater agencies for cost effective
stabilization of solids and energy management. The importance of the bioenergy
conversion capabilities of anaerobic digestion will probably increase along with its solids
stabilization capabilities.
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