Understanding

Anaerobic Treatment

Recent enhancements to anaerobic treatment design
translate into improved treatment efficiency.

by C.G. Steiner

In high-strength industrial wastewater treat-
ment applications, anaerobic treatment can
save energy and space. However, anaerobic
processes actually are capable of achieving five
to 10 times the results generally expected of
them. Although used by many, the basic anaer-
obic treatment process remains little understood — even by
those who espouse its use.

Several design concepts exist that, when considered cumu-
latively, dramatically improve treatment efficiency and, there-
fore, process cost-effectiveness. These concepts — the use of
thermophilic bacteria, attached-growth systems and two-phase
treatment — are discussed here and serve to alert plant design-
ers, anaerobic process equipment manufacturers and the many
end users to the potential of anaerobic treatment.

Current practices
It is not uncommon to add lime to a digester when its flare
goes out. In fact, this rather simplistic procedure constitutes
the exclusive process control for the vast majority of anaerobic
digesters — some 100,000 in the United States and 200,000-
plus worldwide — in operation today. Digester temperature,
for the most part, is being controlled adequately. Efforts to
control pH, however, are practically non-existent, even though
anaerobic microbiology is rather pH-sensitive. Nutrient addi-
tion, although quite inexpensive,
generally is not practiced. Bene-
ficial biogas use remains the
exception rather than the rule.

Table 1. Treatment

less-efficient temperatures.

Thermophilic bacteria, at approximately 60°C, just recent-
ly were introduced to the marketplace. The rate of reaction
for all microorganisms increases with increasing tempera-
ture, approximately doubling with each 10°C rise in temper-
ature. Therefore, thermophilic bacteria exhibit more than
four times the metabolic rate of mesophilic bacteria.

Attached-growth bacteria
Bacteria can accomplish beneficial wastewater treatment in
one of two ways. First, they can be suspended randomly in a
liquid. In this case, they are referred to as suspended-growth
bacteria. Second, they can be attached to a fixed surface such
as filter media, plastic media or fiberglass plates, in which case
they are referred to as fixed-, or attached-growth bacteria.
The bacterial population density of attached-growth anaero-
bic treatment systems is significantly higher than that of sus-
pended growth systems because aerobic and anaerobic bacte-
ria prefer to live and propagate in an attached-growth mode.
Therefore, attached- or fixed-growth anaerobic treatment sys-
tems are smaller and less-expensive than suspended-growth
systems. Because they have a larger bacterial population, these
types of systems are significantly less susceptible to process
upsets, and initial plant startup is accomplished more quickly
because colonization of fully acclimated bacteria is faster.
Attached-growth systems ex-
hibit much higher organic load-
ing capabilities because they have
many more bacterial colonies.

And raw solids and grease are
universally feared constituents in
anaerobic digester feed.

Thermophilic bacteria

In nature, bacteria fall into three
main temperature groups — cold,
medium and hot. The cold-tem-
perature bacteria, approximately
15°C, are called cryophilic, or
psychrophilic. These have little
significance in wastewater treat-
ment, because their metabolic
rates are extremely slow.,

The  medium-temperature
bacteria, approximately 38°C,
are termed mesophilic bacteria,
These are used in perhaps 80
percent of digesters worldwide,
with the remainder using lower,
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Efficiency Comparison

Recommended

Therefore, attached-growth sys-

Conventional tems have an increased capabilit

Parameter High Rate Design for treating high organicp wastz
Organic loading loads per unit volume.
kg COD/m*/day Up to 20 100+ Generous flow recirculation
Sludge production used with fixed-growth treatment
kg/kg COD removed 0.04+ 0.01 | further increases process perfor-
Class A biosolids | mance because attached-growth
40 CFR, Part 503 No Yes | systems must await the arrival of
COD reduction, % 65-85 85-95 . food at their fixed locations.
BOD reduction, % 70-95 90-99 Flow recirculation a_lso carries
Volatile solids reduction, % | _ 45-65 90-95 i LGl MeCIRnTIER e

= .~ completed their life cycle. The
Temperature, °C = 59 . area made available by the now-
Biogas yield . departed bacteria supports new
m®/kg COD removed 0.31-0.38 0.62-0.76 bacteria colonization; thus, the
Biogas methane purity, % 60-70 98+ regrowth cycle is repeated.
Ability to accommodate B
high suspended solids No Yes | Two-phase treatment
e T e SR =!  The well-known aerobic biolog-




ical treatment process that oxi-

 Table 2. Organic Loading Comparison

dizes ammonia nitrogen to
nitrates is called nitrification.

Nitrification proceeds in two

distinct phases. In the first

phase, Nitrosomonas bacteria
oxidize ammonia nitrogen to

nitrites. In the second phase,
Nitrobacter bacteria oxidize

nitrites to nitrates. Both phases

are carried out in a single com-
partment or vessel. The opti-
mum microbiological environ-
ment at which maximum phase

Process BOD CoD
Biological Process Type Ib./day/1000 cu ft | kg/m3/day | Ib./day/1000 cu ft | kg/m?/day
Extended aeration Aerobic 10* 017 15 0.26
Conventional activated sludge Aerobic 30* 0.52 45 0.77
Step aeration and complete mix plants Aerobic 40* 0.69 60 1.02
Contact stabilization Aerobic 50* 0.87 75 1.28
Fixed-film processes of rotating Aerobic 250" 433 375 6.38
biological surface and trickling filters |
Conventional high-rate treatment Anaerobic NA NA 1250* 20 1
Two-phase, two-stage, thermopbhilic, fixed- | Anaerobic NA NA 6250 100 §
growth treatment, with nutrient addition,
flow recirculation and process controls *{0 States’ Standards  “Common Industry Practice ;

performance occurs is identical
for both bacteria species.

In anaerobic treatment, there
also are two distinct phases. In
the first-phase, called acidogene-

sis, facultative acid-forming Type of Waste

Table 3. Applicatio__ns

Conventional Recommened
High Rate

methane substantially, because it
is not diluted by first-phase car-
bon dioxide. Such purity is an
important factor if the biogas is
to be used beneficially as a pri-

organisms reduce complex | Agricultural debris

mary fuel and/or to generate

organic matter to organic acids. Animal byproducts

electricity.

First-phase simultaneous anaero- Cardboard and sawdust

Two-phase treatment also

bic mechanisms consist of anaer-

opens the door to staged treat-
ment to further increase the effi-

. Rl : CHR digester sludge
obic respiration and fermentation. -
Duri ; sy Food processing
uring anaerobic respiration:
Grease

= Sulfates are reduced to sul-

ciency. Because both aerobic
and  anaerobic  (reatment

fides, while nitrates are reduced Livestock manure

processes closely follow first-

to nitrogen gas. Paper and pulp
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order reaction kinetics, addi-

* Substrate is converted to Primary solids

tional stages achieve much bet-

minerals. Restaurant wastes

ter process efficiency.

= Cytochromes and enzymes Sanitary wastewater

Two-phase, two-stage treatment

are oxidized. Types 0 and 1 solid waste

can achieve more than 95 per-

* Electron transport produces

energy for metabolism. SR Aol Hia
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cent chemical oxygen demand
(COD) and 99 percent biologi-

During fermentation:

* Substrate is transformed to organic intermediates.

» Carbohydrates are oxidized.

* Acetogens produce organic acids.

* Yeasts produce alcohols and carbon dioxide.

In the second phase, called methanogenesis, methane-
forming bacteria convert the acids to methane gas and carbon
dioxide, called biogas. Some of the carbon dioxide produced
also is converted to methane gas through biological metha-
nation, thus increasing methane yield. The larger the average
acid molecule — that is, its molecular weight — the greater
the conversion to methane gas.

Unlike aerobic nitrification, each anaerobic bacteria species
has an optimum microbiological environment that differs sub-
stantially from the other. Consequently, optimum anaerobic
performance cannot be achieved in a single-phase anaerobic
digester or reactor. Using both species of bacteria in the same
reactor vessel significantly retards the efficiency of one or the
other. This reality largely has been ignored or misunderstood
by anaerobic treatment researchers and anaerobic treatment
system manufacturers. As a result, almost all existing anaero-
bic digesters are highly inefficient single-phase reactors.

The benefits of two-phase treatment are substantial. Because
each phase is maintained at its optimum pH and oxidation-
reduction potential (ORP), it is able to perform at a high effi-
ciency without an adverse environmental influence from the
other. Plant startup can be achieved in weeks instead of
months, and the required equipment can be reduced in size by
at least a factor of three. In addition, segregation of each
phase’s gas generation increases the purity of the second-phase

cal oxygen demand (BOD)
removals. Any time the raw water characteristics include an
organic strength of at least 2500 mg/L. COD, the efficiency of
treatment can and should be a major factor in final process
selection. Table 1 compares the treatment efficiency of con-
ventional high-rate anaerobic systems to those with the rec-
ommended design improvements.

Nutrient feed

Inadequate nutrients promote the growth of Methanothrix
bacteria, which exhibit a low specific activity. Adequate
nutrients promote the growth of Methanosarcina bacteria,
which have a specific activity that is five times greater.[1]
Because the methane gas phase always is rate-limiting, any
improvement in methane production translates into a positive
process enhancement. Nutrients also support better acidoge-
nesis, and should be added to both the first and second phas-
es whenever two-phase anaerobic treatment is practiced.

The importance of adequate nutrients cannot be overem-
phasized. For example, the world’s largest landfill, located
just outside Seoul, Korea, generates 10,000 cubic meters
daily of leachate with an average COD strength of 3000
mg/L. Treatment was initiated using anaerobic digestion fol-
lowed by aeration, Fenton’s reagent and a multi-stage rotat-
ing biological surface treatment.

Since its commissioning, this expensive treatment system
has performed poorly. To date, all efforts at improving treat-
ment have been unsuccessful. The great variety of wastes in
a landfill leads many to presume that the leachate contains
adequate nutrients to support biological treatment. Although
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