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ABSTRACT

Thispaper isareport of the performance of anew design of an aerobic bioreactor called theinduced
blanket reactor or IBR. ThelBR gppearsto treat high-solidsorganic matter (manure) effectively inardatively
short timewithout plugging. A 28 m?* (7500 gdl.), heated IBR hasbeenin operation at Utah State University’s
dairy farm, the Caine Dairy, sncethe summer of 2000. Thebioreactor, an upflow dudge blanket type,
featuresamethod to build and maintain ad udge blanket without plugging. Upto 80% of theV SSwere
removed from dairy manureinthe | BR withlessthan a10-day HRT. Biogaswascollected and burnedto
produce hot water. Parametersfor the system that werereported include pH, temperature, influent and effluent
totals, soluble COD, total and volatile solids, and suspended solids. All these parameterswere recorded at
different loading rates. Biogasqudity with percent of methane content was al so reported.
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PROBLEM
Thelivestock industry in the United States continuesto movein thedirection of fewer and larger

facilities. Thistrend has been continuousfor many decades. The USDA reported that in 2001, pig facilities
with less than 500 pigs decreased by 4538 and dairy facilitieswith lessthan 100 cows decreased by 7045
(USDA, 2002). Government programsdesigned to help save thefamily farm have not been very successful in
curbing thistrend. Largefactory farms, epecidly in pork production, continueto increase, and theresulting
concentration of manure continuesto increase. Ever since passage of the Clean Water Actin 1972, therehas
been aconcern asto the detrimental effect livestock operations have on theenvironment. For example, if a
nutrient in manure such as phosphorus enters surface water, eutrophi cation isusualy accel erated. Phosphorus
isoftenthelimiting nutrient in fresh water. When phosphorusisenriched in freshwater, the plantsin thewater,
including agae, respond with increased growth. When these plants die, microbes consume oxygen fromthe
water in the decomposition process. Thisdepl etesthe oxygen, resulting in adeficiency for aguaticanimd life. In
addition, oxygen deficiency resultsinincomplete decomposition, which tendstoimpart turbidity, and foul tastes
and odorsto thewater. Other potentia pollutantsfrom anima manuresmay bean excessof nitrogen, carbon,

or ammonia. Fecd coliformand fecd matter that contain pathogens may aso be potentia pollutants.
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Confined animal feeding operations (facilitieswith morethan 1000 anima unitsin one placefor 45
daysor more) arerequired to have acomprehensive nutrient management plan (CNMP) to hel p protect the
environment from the pollutants generated. Proper disposal of thelarge quantitiesof manuregeneratedis
becoming moreand morecritical. The pollution of surface and ground water has been the main concern;
however, air pollution isalso becoming amajor concern. Methane gas generated in lagoon systemsand
decomposi ng manure has been determined to be agreenhouse gas 21 times more detrimental than carbon
dioxide (Lusk, 1998). Some statesareimplementing regulationsfor confined animd feeding operations
(CAFO's) that arein addition to federal EPA regulations. Both Idaho (thefifth largest milk producer inthe
U.S.) and lowahave drafted odor ordinances (Bernick, 2002).

SOLUTION

Anaerobicdigestion (AD) of theliquid waste stream and subsequent collection and utilization of the
methane gasisthe best solution availableat thistime. AD of animal manure not only preventsair and water
pollution, but can convert amanure problem into aprofitable resource by generating el ectricity and/or heat
with the methane gasthat it produces. AD aso greatly reducesthe odor problem.

ANAEROBIC DIGESTION

Anaerobic digestion has been around for thousands of years. Biogaswas known to have been used
to heat bath water in Assyriaduring thetenth century BC. In 1895 in Exeter, England, biogaswasrecovered
froma*“ carefully designed” sewagetreatment facility and used to fuel street lamps (M cCabe, 1957). In
Europe during and after World War 11, the processwas used quite extensively when energy supplieswere
reduced. Millions of small anaerobic digestersare used as home septic systemsto digest waste. Although
the process of anaerobic digestion may appear simple, itisactualy avery complex process. A symbiotic
relationship hasto exist between consortiums of bacteria. Figure 1 showsasimple outline of thiscompli-
cated process.

ANAEROBIC DIGESTERSUSED ON THE FARM

Almost three decades of recent researchinthe U.S. has provided much information about how
manure can be converted into an energy source. Severa different types of digestershave evolved over this
period of time. The most common types are the plug flow, complete mix, and covered lagoons. Theplug

flow isabioreactor where manure moveslateraly asaplug through an elongated vessel or underground
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conduit. Itisusualy built usnga5to 1 ratio (5 feet of length for 1 foot of width). The plug flow canusually

handle thick manurewith up to 13% solids. The complete mixed system isusually an aboveground tank in
which manureis mixed completely, using somekind of interna mixing device. The covered lagoon canbea
lagoon that isfully covered or alagoon only partially covered with cells covering the most productive part of
thelagoon. All of these systems can collect biogas.
FAILURESOF FARM DIGESTERS

According to a1998 study sponsored by the U.S. Department of Energy, failureratesamong these
types of farm-based digesterswhich are actudly built are staggering: plug flow failures—63%, complete mix
failures—70%, and even covered lagoonshave afailurerate of 22% (Lusk, 1998). Thisistotally unaccept-
able, especialy onafamily farm that isstruggling to survive. Thefallureratesfor the plugflow digester were
even higher during the 1980’ s; however, some plug flowsthat were put in during that time are actudly ill in
operation and working very well. The same design could be successful on onefarm and thenfail on others.
Bad designis, however, till theleading cause of digester failures. Experience over theyearshasanswered
some of the questions, while othersstill need moreresearch. According to P, Lusk, “ Theroleof farm
management iskey; not only must digesters bewell engineered and built with high-quality components, they

must also be sited at farmswilling to incorporate the uncertainties of anew technology” (Lusk, 1998).

2002 Proceedings—Waste Resear ch Technology



RESEARCHAT UTAH STATEUNIVERSTY

Dr. Conly L. Hansen has been doing research in anaerobic digestion for morethan 25 years. During
the 1990s he devel oped what he called acluster system. Thissystem aso included an innovative processfor
ammoniaremova. Morerecently he has concentrated on aprocess known asthe up flow anaerobic dudge
blanket (UASB). Thisprocesshasahigh rate of digestion with ashort hydraulic retentiontime (HRT). It has
been used with successin some gpplications but islimited with animal manures because of plugging prob-
lems. Dr. Carl S. Hansen joined theresearchteamin 1999. It wasfelt that if the plugging problem could be
solved, theresult would be ahigh-rate digestion system that wasfairly smpleto operate. In 2000, Dr.
Conly Hansen was awarded acenter of excellencefrom the state of Utah to continue research in anaerobic
digestion. The center iscalled the Center for Profitable Uses of Agriculture By-products. Continued
researchinthisarealed to development of anew process called theinduced blanket reactor (IBR).
DEVELOPMENT OF THE IBR PROCESS

Therewerethree goasfor the development anew anaerobic digester: First, it had to bereliable;
second, it needed to beasmple design and easy to operate; and third, it needed to be affordable. The
resulting IBR processisatank with aseptum in thetop that al so contains a plugging control mechanism. A
blanket of bacteriadevel opsunder thisseptum that theinfluent hasto travel throughin order to reach the
exit at thetop of thetank.
SUCCESSOF THE IBR PROCESS

Inthe process of meeting our original goas, we concluded that reliability, smpledesign, and
affordability aredl inter-related. If adigester shutsdown for any reason, thefarmer losesmoney. The
smpler thedesign, thelesschancestherearefor failure. Thesmaller the digester, thelower the cost isthe
origina investment. The only way to makeadigester smdler isto reducethe HRT, and the only way to
reducethe HRT isto make adigester moreefficient. Anaerobic bacteriaare dow to multiply. Oneway to
makethe digester more efficient isto retain and reuse these bacteria. The IBR processisableto accomplish
thiswith the use of aseptum inthetop of thetank. Clustersof methanogenic bacteria, with methane at-
tached, float to the top wherethey hit this septum. This separatesthe methane from the bacteria. The
bacteriathen sink back to the dudge and areretained for more digestion, whilethe methane continueson
and exitsthetank. The bacteriathat do escape to thetop of the septum are captured and returned to the

bottom of the tank with arecirculation system.
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Another way toimproveefficiency isto put thefood (influent) and bacteriain contact with each
otherinanided environment. ThelBR processisableto do thisby theuse of rdatively small diameter
tanksin comparisonto their height, and by controlling precisaly what goesin and what comes out.

Plugging and poor design aretwo main reasonsfor digester failures. The IBR processisableto
control plugging with amechanismthat ispresently being patented. The smpledesign of the IBR process
makesit user friendly and easy to operate.

Findly, becausethe biogasisused for energy production, itsquaity isaso afactor in affordability.
The|BR process has been producing biogas with amethane content of 80%.

HOW THE IBR PROCESSCOMPARESTO OTHER TREATMENT SYSTEMS

Table 1 listssome of the practicesthat farmersare using to handle their manure problemsand
comparesthemwiththe | BR process.
RESEARCH DATA

Figure 2 usesahydraulic retention time (HRT) of 10 days. We are presently collecting datausing an
HRT of 4 days, and theresultsso far look very similar. These graphsindicate atota C.O.D. destruction of
over 75%, asoluble C.O.D. destruction of over 85%, atotal suspended-solidsdestruction of over 80%,
and avolatile suspended-solids destruction of over 80%. Asthegraphsindicate, different loading rates
were used and thetemperature varied some but averaged around 34 degrees C. The Ph averaged about
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7.3. All samplesof biogastaken indicated amethane content of about 80%, whichisonthehighend. We
arehoping it staysthat high with afour-day HRT.

Agriculture Waste Energy Reliability Pollution % Volatile Solids

Treatment M ethod Efficiency Production Control Digested

1.B.R. Process Outstanding O utstanding Outstanding  Outstanding >60% in 10 days

Traditional Piling

and Land Applied Unsatisfactory  Unsatisfactoy Outstanding  Unsatisfactory NA

Traditional
Anaerobic Lagoon
Followed by Land
Application

Unsatisfactory  Unsatisfactory = Outstanding  Unsatisfactory >60% in 60 days

Traditional

Anaerobic

Digester (1) - M ediocre M ediocre M ediocre Outstanding >50% in 20 Days
Liquids Digested

with Solids

Plug-flow
Anaerobic
Digestor with Land
Application

M ediocre M ediocre M ediocre M ediocre >50% in 20 days

New Technology

Anaerobic

Digestor (2) for M ediocre O utstanding M ediocre Outstanding >60% in 20 days
Liquid Digested

with Solids

(1) Bulk volumefermenter, i.e. large heated tank.
(2) Complete mix tank, anaerobic contact process, or sequencing batch by itsalf.
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Thebreak in data gathering occurred when wetried to increase the solidsin the influent to 12%.
Although the digester had no problem handling the high solids content, the pump used to load the digester
kept plugging. We spent three months experimenting with different typesof pumps. Larger pumpswill
handle higher solids. Thetwo-inch pump we are now using will handle about 8% solids.
CONCLUSIONS

While anaerobic digestionisaproven method for reducing air, water, and ground pollution, there
have been too many digestersthat havefailed when using anima manures. Municipa sewagetreatment
plants not only havethefinancia resourcesto fix their problems, they areaso requiredto do so. Most
farmers, on the other hand, are neither required nor have resources available to solve digester problems. If
their anaerobic digester fails, it often ends up abandoned and the farmer returnsto his old methods of
manure management. Wefed there are many economic and environmental reasonsfor animal facilitiesto
useanaerobic digestion. The preliminary dataindicatesthat the |BR process being devel oped at Utah State
University will not only be an affordable system, but areliable one aswell. The new 2002 farm bill, dong
withimproved digester designs, may betheincentives needed to solve manure problemswith environmen-
tally sound methods.
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