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Farm Digesters and Anaerobic Digestion - 101

By Mark A. Moser
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A Promising Solution - Anaerobic Digestion Technolgy

Anaerobic digestion is one of the few manure tresinmoptions that reduces the environmental impéct o
manure and produces savings and revenues. Anadtigaistion will not solve all of the problems oanure.
However, it will result in a return on the manuramagement investment and stop the manure from rmanag
the owner.

Environmental Benefits

Much information has been published about energgystion from anaerobic digesters. Equally imgait
however, a properly designed and operated digdstdogically stabilizes organic wastes, reducesrpdo
improves fertilizer value, and reduces pathogehsah be expected that future regulations will eddr
pathogen control. Anaerobic digestion is more esiteaty used in Taiwan and Europe where animal waste
pollution has been regulated for a longer timee T$ and Pacific Rim countries have seen a repergase in
the use of digesters due to tighter enforcemerggilations.

General Effect of Digestion on BOD, Nutrient, Pathgen and Weed Seed
BOD

Anaerobic digestion in a digester will reduce BORdarSS by 80-90%. Odor is virtually eliminated.eTh
digester will have minimal effect on the nutriewntent of the digested manure. Pathogen reductigneater
than 99% in a 20 day HRT mesophilic digester (16@ree F). Half or more of the organic nitrogeng @) is
mineralized to ammonia (NH3-N). A small amountlu P and K will settle as sludge in most digest&8 -
40 % of P and K are retained in covered lagoonstigys. Digesters are very effective in killing Weseeds.
80-90 BOD TSS
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General Technical Description - Overview of Anaerolz Digestion

Manure consists of partially decomposed feed, whestd, and water. Manure alone or mixed with pssce
water and flush water is generally too concentrdatetbe decomposed aerobically in a manure treatment
storage structure, because oxygen cannot diffuse solution fast enough to support aerobic bacteria
Therefore, manure is broken down sequentially yugs of anaerobic bacteria. An anaerobic digaster
vessel sized to grow and maintain a population efhiane bacteria that feed on organic wastes placdte

unit. The bacteria grow without oxygen, decomptise waste, and produce methane as a useable fuel
byproduct. Methane bacteria are slow growing, emrrentally sensitive bacteria. These bacteriairegupH
greater than 6.5 and adequate time to convert mrgards into biogas. Methane production is reduzedvater
temperature decreases.

6.5
pH

Anaerobic digestion can be simply grouped into steps. The first step is easy to recognize becthese
decomposition results in bad manure odors. Thergkstage methane bacteria consume the produche of
first step and produce biogas - a mixture of methamd carbon dioxide. Biogas from a stable digexiatains
60% - 80% methane. Biogas is virtually odorlessdamuntains a small amount of mercaptans such aggd
sulfide.

— 60 -80

Biogas Production Potential

Table 1 shows the expected ranges of biogas prioduitom typical US farm raised animals. The leaiumn
lists the animal population to support a 40 kW eegas it is the smallest suitable engine-genenatibie US.
1 A0KW
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Table 1. Biogas Production Potential

1.
kWh/ head/day | Biogas Production Population for 40 kW continuous
;o output generator
ft3/d 40kW
Cow 2.5-3.7 65-80 400
Sow 0.2-0.3 5-7.5 3,200
Nursery 0.06 - .09 14-21 11,000
Finisher 0.15-0.22 3.5-55 4,400
Beef Feeder 1.8-22 45 - 55 600
Laying hen .01 0.25 72,000

Anaerobic Digester System Components

An anaerobic digester system includes manure d¢mlecpretreatment, an anaerobic digester, biogesvery,
biogas handling and biogas use.

Manure must be collected fresh on a regular scleefduldigestion. A very important design considerais
the amount of process water included in the mawoikection. Process water includes all water fralin
sources that mixes with manure.

Pretreatment is used to adjust the manure or skontents to meet process requirements of the tedlec
digestion technology. A mixing tank or solids separ are pretreatment options.

An anaerobic digester is an engineered containvesgel designed to promote the growth of methaneba.
The digester may be heated or unheated, mixedraned, a simple tank or a very complicated mediekpd
column. Manure characteristics and collection népie determine the type of anaerobic digestiohrtelogy
that can be used.

P.O. Box 4716, Berkeley, CA 94704  Phone (510) 834-4568 Fax (510) 834-4529 contact@rcmdigesters.com
www.rcminternationalllc.com




-

INTERNATIONAL, LLC

Biogas formed in a digester bubbles to the suréaxemay be collected by a fixed rigid top, a flégiimflatable
top or a floating cover depending on the type gedter. The collection system directs biogas ®tgadling
components.

Biogas may be filtered for mercaptan and moist@maval. Biogas is usually pumped or compressed to
operating pressure and then metered to the gasgugement.

Biogas that is pressurized and metered can beasségkl for heating, adsorption cooling, electrigaheration
and cogeneration. Biogas can be substituted feml@ssure natural gas or propane in the equipiisted in
Table 2.

2

Table 2. Biogas Use Options
2.

Biogas Fueled Engine
Electrical generator - electricity for use desaeat recovery optional

Refrigeration compressors - cooling, heat regogptional

Irrigation pumps - pumping, heat recovery opion

Direct Combustion Options
Hot water boiler - for space heat, process &wahap hot water

Hot air furnace - for space heat

Direct fire room heater - for space heat

Adsorption chiller - for cold water productidreat recovery optional
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Available Anaerobic Digestion Technologies

Many configurations of anaerobic digesters havenligeloped but may or may not be commerciallylaibe
for farms. Table 3 lists the operating charactessof digester technologies. Covered lagoons comdplete
mix digesters are commercially available.

3
Table 3. Types of Digesters and Their Characterigts
3.
Level Influent
of Solids Solids Supple- HRT
Tech- Concen- Allow- mental (days
Type of Digester nology tration able Heat Q)
Ambient temperature low 0.1-2% fine no 40+
covered lagoon
Complete mix medium 2.0-10% coarse yes 15+
Packed reactor(2) medium 0.5-2% soluble yes 2+
2
Plug Flow (3) low 11-13% coarse yes 20+

3)
(1) HRT = Hydraulic Retention Time = digester vokiahaily influent volume
HRT = /
(2) Attached growth reactors

3) Dairies only
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Cost Effectiveness of Anaerobic Digestion

There are no simple answers to the question of effsttiveness. The economics depend on the dost o
electricity or heat energy. Digester projects wiket this requirement for farms with electricipsts of greater
than $0.06/kWh that can use most of the electrmitgite.

$0.06/kWh

If there is value to fertilizer improvement, patleogreduction or odor control and it can be accalfdein the
farm balance sheet, then a digester may be mofeége. If a farm has to meet government regatagion
waste management and a digester may be substimteahother management option, the added costs of a
digester may have a very high return over spengtiagey on a non-revenue alternative.

Most projects rely on a multitude of benefits toaeer the investment. Heat that improves produoctilisease
control that keeps animals and people healthy, adat control that keeps people happy and productiee
benefits that are seldom assigned their true wolnhsome cases, a digester has recovered it9gastoiding
penalty fines and neighbor complaints or lawsultsother cases, particularly for dairies, the digeimproves
the handling capability of the material and savesfarm money on materials handling. At dairgigested
solids can be recovered and used for bedding.

Financial Structuring

Many digester systems are built with a combinatwdrpublic and private funding. Most countries tlaaé

serious about pollution control offer the privaggms a cost sharing arrangement, with 20-60% afjaster
funding coming from the government. It is in thebfpciinterest to keep farms open, the farmers eygalpfarm

products inexpensive to society, and to reduceliotireate animal waste pollution of drinking watesusces.
Some “subsidy” is offered worldwide, either finaalcor through limited enforcement, based on theimpsion

that a farmer with little or no investment in mamunanagement will not reduce pollution if the c@stseed the
profits from animal production.

20 60
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General Economic Effect

Digesters are considered expensive because ointieeand capital costs involved in most projectowiver,
farms have been the rapidly consolidating intodangnits with larger pollution potential. The largellution
potential results in more people wanting to takeaathge of digester technology to benefit from puitiin of
energy while reducing pollution.

Critical Points of the Adoption of Alternatives

Technical Challenges and Organizational Adjustments

In general, there are no technical barriers to ratée digestion. The economics are such that ntege farms
could have favorable returns on investment. Ldegens are often targeted for regulation and regqluice
manage manure, therefore those farms are morg tikéhvest in a digester. Still, many farms wotdther not
spend any money on pollution control regardlesthefreturn because the farms prefer to target tmee and
investment in animal production. As a technolatjgestion is superficially known. Another barrterthe use
of the technology is the lack of knowledge in thesa of design by engineers and regulators.

Economic and Finance Aspects - Investment Recovery

Digesters are cost competitive with other manwatiment technologies. Surprisingly, farms or faawisors

do not regularly consider return on investmentrnfeas assume that pollution control is a cost item chose a
lesser-cost alternative. Farm banks are relugtafinance digesters because the technology isnstilwidely
used. Government encouragement has had the mest gffimplementing digesters. There are thousafds
digesters in Taiwan and hundreds in Europe wheeeettvironmental benefits of anaerobic digestion are
recognized and promoted.
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Incentives — Disincentives

In general, there are few incentives for regulatmmynpliance and investment. A majority of farmefpr to
minimize investment in manure management. Somenines may be necessary to encourage farms tllinst
and maintain manure management systems as hasibeern Europe and Taiwan. Recently the UnitedeSta
has adopted a punitive and restrictive approaciafon manure management. The Attorney Generdliobis
recently sued a farm for odor. Thus, the econorofcemanure change dramatically. Disincentives are n
driving owners. More regulation and enforcemert fmaced US farms to consider the options morefatye
Several have reached the conclusion that if theg @ spend money on manure management, then stelige

a viable option in recovering their costs.

Market Advantages

In the longer-term analysis, an anaerobic digestiérimprove the profitability of most, but not alarms. In
the future, the advantages of the systems will beenfully appreciated. There are hundreds morestieys
today than there were 10 years ago. Industry hasraced the technology as a lower cost alterndtive
pollution control and many farms will also. Whéme ttechnology is compared with alternatives, fasmealize
that the advantages exist. If farms in all co@stmust meet similar pollution control regulaticien they will
all consider their options and many will selectegitjon for the edge it will give them in profitabil

10

Does Anaerobic Digestion Solve the Problem?

A problem must be recognized before it can be sblvearms and governments are recognizing the foged
control of point source and non-point dischargenfranimal production. Controls cost money. Digesteake
money for the farm from heat or electricity, reddiaelor, reduced flies, reduced pathogens, killeddrseeds,
and improved fertilizer values. Therefore; anaerahgestion can be a solution to the problem.
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