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ABSTRACT

Effieient trheatment of waste materials: grom agricultural
operations is a probLem in most of the countries of the world.
This is parnticularly thue where Livestock are being reared in
Lange ‘high-production confinement housing systems. There are

yéevenaﬂ treatment systems available to handle the wastes grom

this type of operation. These systems are described with particular
emphasis on thermophilic fermentation. - Thermophilic Lreatment

of wastes” offerns several advantages over the othen types of

waste treatment systems. The thermophilic system at the

Univensity of British Columbia differs grom most othe&.high—
temperature systems in that no external heat source 48 provided.

. Experiments were cawried out which- show- that the heat .
necessarny iO»mainiaLn the. tenmperature in the thenm0phi£Lc rnange
comes solely from michobial activity. The actions of agitation
and aenﬁiion do not provide any Ainput of heat into the fermenter.
The foam which forms on the top of.the Liquid during a germentation
was shown to be a good insulator.

Feeding inLaEA conducted with the Liquid. product from
thermophilic fermentation demonstrated that this Liquid can be
substituted for watern in the diet of pigs oldern than twenty-
eight days of age. with no hamful efpects. It 48 possible
that pigs olden than §igty-six days of age will be able %o
wtilize the nutrients in the Liguid more efficiently and inchease

© thein fate of gain without @ncheaALng‘ihe.amount 04 heed consumed.


http://confiine.me.nt

- iii -

Experniments with Larngen sized fermentens resulted in a
commercial design forn a thermophilic waste treatment system
with a total capacity of s4ix thousand gallons.

Finakly, preliminany thials utilizing Lignocellulose as
a substrate for thermophilic bacten%a indicated that these

bactenia are able to utilize ceflfulose as-a nuthient source.
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1. INTRODUCTION

The total hog population in British Colﬁmbia as of Janﬁary
1, 1975 totalléd 56;000,ahimals: This figure doés not inc]ﬁde
bréeding stock 1ess‘£han six months of age (B.C. Agricﬁltura]
Statistics Factsheét). Thé majority of thesé animals were raised
under partial or total confinément systéms.

This method of raising swiné résults in heavy, localized
accumulations of manuré and associatéd wéstes (Witlrich and Himes
1967). The obvioﬁs and natural solﬁtion to this prqblém and._.the
one which is cited most fréquént]y is to makévoptimum use of the
waste as fertilizer, that is to spréad the waste on the land at
rates stimulating maximum crop production. Sﬁch handling was
economically unfavorable compared to the use of commercial
fertilizers since thé lTow content of mineral nﬁtrients in manure
did not justify the extended transport and field spreading of the
organic bulk material (Turner 1975). However, with the ever
increasing cost of commercial fertilizers, ]and spreading as a
method of disposal is likely to become more widespread (Wilson 1975).
There has been a great deal of research carried out in the area
of high-rate land spreading. A review of the literature in this
area is given in EPA publication #660125-75-101 available from
the Environménta] Protection Agéncy (Walliﬁgford'é£;313 1975).

Land spreadiné asSumés‘that thé opérator owns or has access
to a largé enough aréa'of land on which to spread thé manure. This is
not always the case; Somé operators own only thé land on which the

buildings are situated and others, though owning larger acreages,



may not own enough land to handle the amount of wastes produced.
In England and Wales‘appro;iﬁatélythﬁpércént of .the pigs aré
housed on farms which haVé too 1itt1é land to ﬁtilizé.thé plant
nutrients in the feces and urine, or to dispose of thém without
risk of water pollution (Richardson 1974). 1In certain areas of
North America where both swiné and corn production aré combinéd
on the sahe farming unit, and wheré thé swine wastes are utilized
as the major fertilizér it has béén found that 335m2 of land per
animal is reqﬁired for adéquate waste disposal (Laak 1970;
Webber 1971). This figﬁre convérts to one acre of land required
for every twelve hogs.

Even when sufficient land is available there are other problems
associated with land spreading. Thesé inc]ﬁde optimum application
rates for different crops, time of application, possible pollution
of surface and groundwaters and in areas with urban development,
offensive odors and dust.

The hog producer, therefore, requires a treatment system which
will reduce the pollution characteristics and the total bulk of the
ﬁanure. An ideal treatment system wQuld permit maxfmum pig
perférmance, reduce objectionable odors, gases, and pollution
hazards, prevent disease transmission, result in a usable product
and be relatively automatic and economical to operate.

Some comparisons havé beén made bétwéen waste from Ruman
popﬁ]ations and swiné wastes. Thesé ¢comparisons are based on the
Biochemical O*ygén'Démand (B.O:D:)'of thé wastes. B:OLD: is a

term used to quantify the pollution characteristics of a waste;



it represents the amount of oxygen required by aerobic bacteria
for the biological décbmpésifion of .the organic matter'iﬁla
standard time of 5 days and a standard témperaturé of 20°C.

The standard value for human domestic séwage is 0.08 kg B.O:D:

per day per person and an.average'valﬁé for a 50 kg pig is 0.15 kg
B.0.D. per day; A comparison of these two figures revéals that
one 50 kg. pig woﬁ]d be eqﬁiva]ént to approximatély two people

in strength of waste prodﬁced per day. The normal market weight
of a pig averages 100 kg. On this basis the wasté prodﬁced from
one marketable pig would be equivalent to that prodﬁced by four
human beings. Consequént]y an operation produciﬁg 1,000 market
weight hogs would also prodﬁce waste material with a pollutional
strength comparable to 4,000 human béings. However, the volume

to be treated would be considerably smaller since swine wastes are
much more concentrated (Conrad & Mayrose1971). Estimates indicate
that-construction costsalone for applying municipal waste treatment
techniques to swine wastes would be approximately twenty to forty
dollars per pig capacity or 20,000 dollars to 40,000 dollars for a
1,000 head operation (Laak 1970). Economically, this suggests

that some other type of waste treatment system will be mandatory.



2. TYPES OF TREATMENT SYSTEMS

Treatment systéms forlagricultufal wastes, including those
from swiné operations fall into two généra] classes, both of
which utilize bacteria.to.decomposé:thé manﬁre. Oné process
takes place in the absencé of dissolvéd oXygen and is known as
anaerobic decomposition;whilé thé'other réqﬁires the presencé

of dissolved oxygen and is known as aerobic decomposition.
2.1 Anaerobic Decomposition

Anaerobic decomposition is a comp]éx procéss involving several
~groups of organisms which simultaneously assimilate and decompose
organic matter. This décomposition is pérforméd in two steps.
The first step involves acid-forming bacteria which convert the
organic matter into volatile organic acids such as acetic, propionic
and butyric among others. The second step in the process involves
the conversion of these volatile organic acids into gases, mainly
methane and carbon-dioxide (Fair et al. 1968) (DewWalle & Chian).
Anaerobic organisms obtain their energy from the oxidation of
complex organic matter but utilize compounds other than dissolved
oxygen as oxidizing agents. An oxidizing agent may be broadly
defined as an electron acceptor. |t is not necessary to have free
oxygén molecu]és present to sﬁpport an. o*idation féaction.
Compounds othér than fréé oxygén which may be uséd as oXidizing

agents include carbon-dioxide, inorganic sulfates and nitrates



and partially oxidized organic matter such as volatile fatty.acids
(Witlrich & Smith ]970); Cohplété?o%idation ofvthé‘qrganic matter
results in thé prodﬁctiqn df.méthané; carbon-dio*idé; hydrogen
and nitrogen gases. These‘prodﬁctSZmay bé released to.the
venvironment withoﬁt any i1l effects:' Incompléte oxidation of the
organic mattér can résﬁlt when . the balancé between the acid-forming
bacteria and thé méthané forming bacteria is upsét; ‘This imbalance
can occur because of changes in thé pH, temperaturé or solids content
of the incominé waste stream. Incomplete or partial oxidation results
in the production of mercaptans, aminés and volatilé acids. These
products have obnoxious odors and may exert an undesirable oxygen
demand upon releasé to the environmént (Loehr 1974).

" Two possible systems which utilize anaerobic bacteria for the
treatment of farm animal wastes are thé anaerobic lagoon and the

anaerobic digester.
“2.1.1 Anaerobic lagoon

The purpose of an anaerobic lagoon is the destruction
and stabilization of organic matter and not water purification
(Loehr 1974). The fate at which this decomposition and stabilization
takes place depends upon environmental factors such as the
temperature of the Iagoon? the strength of the incoming waste,
the pH, size of the bactérial population and the'amoﬁnt of mixing

that takes place. The mixing is a function of the gases produced



in the layer of érganic.sediment at .the bottom of,thevpoql. As
these gas bubbles risé‘fromvthé'bottom layer théy'tend-to mix
the conténts of the lagoon making.the organic matérial moré
readily available to théTactivé organisms (Loehr 1974).

The anaérobic lagoon .began as a simple holding tank
for animal manurés. [t was an opén pit, tank or resérvoir deéper
than five feet which received di]ﬁtéd animal wastes and was not
mechanicé]ly mi*ed (Willrich and Smith 1970). The microbial
activity in sﬁch a lagoon rapidly redﬁcés thé dfssolvéd oxygen
level to a point at which aérobic bacteria cannot fﬁnction therefore
anaerobic decomposition takes place. Recent studies by Booram et al.
1975 and Nordstedt and Baldwin 1975 have shown that the anaerobic
animal waste lagoon is aCtﬁally a complex system requiring careful
management of the previously mentioned factors such as pH,
temperature, mixing, bacterial popqlations, etc.

Temperature is one of the most important factors
affecting the performance of an anaerobic lagoon (Willrich & Smith
1970). Maximum decomposition takes place when the temperature
of the lagoon contents is higher than ]7-190C (Loehr 1974). In
British Columbia and in most of Canada the anaerobic lagoon is
not widely used because it remains inactive through the winter
and operates only when the ambient temperature rises enough to
provide a suitable énvironment for .the biological décomposition
to také place; Also, evén at optimum temperatﬁré.Of opération

the posSiblé production of obnoxious odors can prevent the



anaerobic lagoon from being utilized in areas of high population
density such as .the L0wer'Frasér‘Valley§

It should a150‘bé noted that the discharge from an
anaerobic lagoon contains significant amoﬁnts of oxygen demanding
' m;térial and is unsﬁitablé for dischargé to surface waters without
fﬁrtﬁer tréatmént (Loehr T968); :Periodic removal and land disposal
of accumulated solids is also hécessar% making this treatment

system unsuitable for an operation with limited land area.
2.1.2 Anaerobic Digester

The other treatment system utilizing anaérobic bacteria
is the anaerobic digester. This form of anaerobic digéstion was
first developed for use by municipalities for use in treating
domestic sewage (Lapp 1975, Lawrence 1971).

An anaerobic digester is a closed veséel equipped
with an external mixing device as well as a heat exchanger to
maintain a temperature of between 32°C and 35°C (Loehr 1974).

These digesters can be single stage, twin stage or twin stage with
sol ids récycling and are usually constructed with concrete
(Lawrence 1971).

The single stage unit utilizes a single tank. Within
this tank there is a zone where the biological activity takes
p]acé and anothér zohe‘whéreuthe solids séttle oﬁteand are.removéd.

A two-stage unit divides the decomposition and solid-liquid



separation phases into two.separate tanks. This allows each tank
to be désigned for optimﬁﬁ'opératiOn.‘ Solids récyc]ing involvés
removing a portion of théfactivé bacterial population from.thé
solid-liquid séparation tank and.adding it to waste-stream
flowing into thé décomposition tank. . This allows the population
of thé activé bacteria,in.thé déComposition tank to be képt at a
high concentration irréspectivé of thé influent .waste-stream
concentration and is espécial]y valﬁable when dealing with dilﬁte
wastes. In systems withoﬁt slﬁdge recycling the diluté wastés
may not sﬁpport an adéqﬁate,’activé microbial mass. Sludge
recycling permits smal]ér unit volﬁmés and efficient waste stabilization.
Sysfems utilizing s]ﬁdgé recycling reqﬁire a sludge that will
separate and settle efficiéntly. Howévér, anaerobically digested
swine wastes do not settlé well, and théreforé this type of system
would be unsuitable fof use with swine wastes (Schmid and Lipper 1969).
Anaerobic digesters produce methane gas as one of the
by-products. Sufficient methane can be produced to heat the digester
and provide some excess fuel for other uses (Lapp et al. 1975).
However, for use in an agricultural situation there are several
limitations for such a fermentationl These include the high capital
cost for proper structures, mechanical equipment and gas control
devices. Methane fermentations requiré continual care to avoid
explosions, and at times a daily feeding of the waste to the digester
(Canada Animal Waste Management.Guide; 1974;.Jéwé]1 and Morris 1974

and Lapp 1974). Because of the necessary equipment, the high



initial costs, the potential operating problems, the.need for
competent operators;'and.thé‘fact,that fﬁrther tréatment and
disposal of thé slﬁdge ié'nécéssary; controlled anaérobic digestion
systems likely will not be widely appliéd tovagricﬁltﬁral-wastes

(Loehr 1974; Jewell and Morris 1974 and Lawrencé 1971).
2.2 Aerobic Decompositibn

Aerobic. treatment systems utilize bacteria which réquire the
presence of free oXygén in théir environment. The aerobic bacteria
or ''aerobes'' require dissolved o*ygén (d.o;) for metabolism using
oxygen as an electron accéptor, as opposed to the previously
mentioned anaerobes which use electron accéptors other than oxygen
(Lochr 1974). With aerobic breakdown of the biodegradeable organic
matter the final products of digestion are carbon-dioxide, water and
new bacterial cells. This does not mean that after digestion by
aerobic bacteria no residue is left except for carbén-dioxide and
water, however, it does mean that aerobic treatment breaks down
organic matter without producing obnoxious odors. For a given
organic loading, aerobic conditions will produce a more oxidized
end product or effluent than similar anaerobic conditions and will
permit a more efficient conversion of the carbon soﬁrce to
microbial cells. This incréasé in the nﬁmbér of microbial cells
can be regardéd as an assét as well as a Iiabi]ity...Thé higher
popﬁlation of microbes allows gréatér microbial degradation, faster

decomposition and shorter detention times. On the other hand,



the greater number of synthesized microbial cells in an aerobic
digester miﬂ increasetthelélnge‘disposal problem unless the cells
or their cohstitaents are»atilized as a resoarce (refeeding or
prodaction of sing]eecell'proteih);

There are.several‘types of aerobic treatment systems
and many modifications. to the aerobic process which can be ased to
meet specific treatment reqairementst Such factors as the degree
of treatment requfred,vcharacteristics of the waste, nutritional and
oxygen requirements of“the bacteria, temperature and pH effects
and economic considerations serve as the basis for these modifications

(Metcalfe & Eddy 1972).

Aerobic treatment systems include oxidation ponds,
lagoons, oxidation ditches, trickling filters (a1l of these operate
at ambient temperatures) and a high temperature system termed

thermophilic aerobic fermentation.
2.2.1 Oxidation Ponds

The oxidation pond or naturally aerated lagoon is the
simplest type of aerobic treatment system. These ponds are
relatively shallow, diked structures with a large surface area to
maintain aerobic conditions. This type-of system has been widely
used in areas where the land is fairlyAflat; and fne*pensive,
and where the climatic conditions of sunljght; temperatare and wind

action are favorable (Loehr 1971). The oxidation pond is not a



strictly "aerobic' system. The upper layer of the pond has ample
dissolved oxygen whi]evthéllowér layérs may havé little or no
dissolved oxygen. Bactéria:and a]gaé are the two'impértant
organisms in the pond (Loéhr 1974) . The okygen is introduced into
the upper portion of the pond through thé photosynthetic action

of the algaé which reqﬁirés propér'conditions of sunlight and
temperature. Thé o*ygen prodﬁcéd'by:the algae along with oxygen
from the atmosphere is mixéd with thé ]iqﬁid by diffﬁsion and by the
wave action at the surface. Microbial action takes place at all
levels of the pond. A portion of thé organic matter settlés to the
bottom of thé pond and may be decomposed by anaerobic bacteria.
Organic matter which rémains in solﬁtion may be furthér decomposed
by a complex system involving true '‘aerobes' and facultative "'aerobes''.
Facuftative organisms have thé ability to utilize oxygen as well as
other material as an eléctron acceptor. OXygen can therefore be
used but is not required. The decomposition of thé organic matter
results in the release of products such as carbon-dioxide, ammonium,
nitrate and phosphate ions which are required for the growth of

the algae, thus completing the cycle.

Oxidation ponds are not widely used in Canada. There
are two main reasons for this, one is the fact that the environmental
requirements for sunshine and warm temperatures are met only for
part of the year in late spring and early summer, which means that
the aerobic bacteria are inactivé for‘thé rést of thé year: This
can léad to anaerobic conditions déveloping with a résﬁltant loss

in effluent quality. The other reason is the large land area required



for an oxidation pond; .The . Canada - Animal Waste:Mahagément Guide
estimatés that an o*idation pénd'to‘handlé thé manure:from a

1,000 swiné operation woﬂ]d réqﬁiré a sﬁrface aréa of 19 acrés

and a volﬁme of ovér 15 million gallons of water for initial
opération. In addition it is-doubtfﬁl that the'relatively’small
volume of manuré addediwoﬁld maintain a satisfactory liquid dépth
in the pond. In British Co]ﬁmbia, thé high cost of land eliminates

the use of an oxidation pond for the treatment of farm wastes.
2.2.2 Mechanically Aerated Lagoons

Mechanically aerated lagobns are another common type
of aerobic treatment systém used in thé handling of animal wastes.
An aerated lagoon differs from an okidation pond in that aerobic
conditions within the medium are maintained by mechanical égitation
or diffused aerafiqn. The actual lagoon is usually constructed in
the form of an earthen basin with some protection on the bank from
the wave action caused by the aeration unit (Loehr 1974). The
mechanical aerators used usually consist of é floating platform
supporting a set of motor driven bladeé which are partially
submerged. When turned, thesé blades create turbulence at the
surface which has the effect of ”beating“ oxygén into the liquid.
The diffﬁsed aeration systém operates by supplying Compréssed air
to perforatéd pipes Iocatéd at thé bottom of the basin. Tﬁé
diffusion méthod is more practical in cold climatés.whéré icé can

accumulate on floating aerators and reduce their efficiency



(Pos and Robinson, 1973).

Satisfactory‘tréatméntéof livestock waStés has béén
obtainéd in aeratéd lagoons . that haVé a volﬁme of appro*imatély
fifty t[més thé daily manﬁre'prodﬁction. However, if the aerated
lagoon is considéred totbé'for the final or long-term. storage of
thé sludge a much Iérgér working~vo]ﬁme would be reqﬁired. 1f the
lagoon is to be de—slﬁdged Oncé a yéar or moré thén thé volﬁme
can be reduced, othérwisé, a lagboh capacity sufficiént to permit
- a detention time of two to thrée yéars is recommendéd (Jones et al.
1972).

Ludington et 'al. 1967 conducted a study into the
effects of aeration on odor levels. For continﬁous operation an
aerator that provides 1.5 times the total daily B.O.D;5 is the
minimum size recommended to obtain waste stabilization. The aeration
requirement for complete odor control is not greatly different from
this figure, however, for partial odor control an oxygen supply of
one-half to one-third the total daily B.O.D.5 is recommended.

This decreased rate of aeration discourages the release of many
.Of the volatile acids and the associated gases such as hydrogen
sulfide and mercaptans.

Edwards and Robinson 1969 found that a considerable
reduction in the nitrogen content of chicken manure may be effected
by aeration which can be of gréat importance when land for disposal

is at a premium.



Mechanically aeratéd lagoons require continuous aeration
for maximﬁm bacterialfactivity'tO'takeﬁplacé. When oxygén is limited,
the oxidative respiratoryfméchanisms of the bacteria cannot fﬁnction
with thé result that anaerobic dégradation 6f thé substrate prevafls.
If this condition persists.considerable time is réqﬁiréd to return
to normal aerobic conditions once the aerator is restértéd;

Facilitiés having a aéténtion time of 1.5 to 2 years
may have a volatile solids redﬁction of as much as sixty to seventy
percent (Jones et al., 1972). There is a build-ﬁp of sludge in an
aerated lagoon similar to that which occﬁrs with an anaérobic lagoon.
This sludge requires periodic removal and disposal normally by land
spreading. |

Even though méchanica]ly aératéd lagoons aré essentially
odorless and reduce the pollﬁtiona] characteristics and vo]ﬁme of
the waste the fact that they require a substantial area of land
and a periodic removal and disposalof the sludge makes thém -
impractical for-use in operations which are situated on small acreages

or where land values are high.
2.2.3  Oxidation Ditch

Another type of aerobic treatment system for livestock
wastes is the oxidation ditch: This system was originally déveloped
in thé éarly 1950's as an'économical‘méthod for purifying mﬁnicipal
wasté flows from small communitiés and indﬁstries byAthé Réséarch

Institute for Public Health Engineering (TNO) in the Netherlands.
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The success of the oxidation ditch in meeting the low-cost treatment
reqﬁiréménts of small'Commﬁﬁities aroﬁséd'thé interest of many
livestock pkoducérs in North'Améfica: ‘According to one source
(ﬁanéda Animal WasteSManagemént.Guide 1974) there were approximately
Loo okidation ditchés‘in operation in thé United States. A large
nﬂmbér of articlés havé'beéh‘writtén déscribing thé design and |
installation of 6*idation ditchés for swiné operations (Smart'ggfib
1975; Sutton et al. 1975; Eisénmann and White 1975; Téjganides and
White 1971; Robinson et al 1970; Windt et al. 1971; Foree and 0'Dell
1969; Jones et al. 1972; Day et al. 1971). These are jﬁst a few
of the articles which have appearéd in the literature in the last
few years.

The oxidation ditch is similar to the mechanically
aerated lagoon in the fact that a sﬁrfaée aétator is.ﬁsed to supply
the necessary oxygen. The key components of the sy;tem are a continuous
open channel and a surface aeration rotor. The .rotor is used to mix and
propel the\ditch contents along the channel as well as to simultaneously
supply oxygen to the system. The influent waste stream does not
require any pretreatment, untreated wastes can be added directly to
the system. This facilitates the installation of the ditch directly
beneath slatted floors, thus saving labor and pumping expenses. The
design of the ditch is dependent upon the B.O.D.5”of thé waste‘which
is being treated. In an o#idation ditch, the volume of thé ditch
per animal is léss important than thé oxygénation capacity of the
rotor; Thé rotor must sﬁpply the amount of oxygen reqﬁiréd to meet

the demand (B.O;D;S) of the wastes entering the ditch. Loehr (1974)
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indicates that if the amount of oxygen supplied is inadequate the
ditch becomes oxygen'limitéd,«poor‘process efficiencies résult,

and odors as well as foaming problems occﬁr. The ambﬁnt of okygen
supplied by thé rotor is,controlléd.by the depth of the rotor in
thé liqﬁid, thé r:p.m:iof.theﬂrotor and thé design of the blades on
the rotor (Loehr 1974). A ¢omprehehsivé discussion on the use and
operation of thé o*idation ditch can bé foﬁnd in the U.S. E.P.A.
pubiication “Aérobic Treatmént of Livestock Wastes' by Jones et al.
published in 1972. Somé of thé reasons that thé oxidation ditch

might be chosen over the other possible treatment systems are:

1. It is an odorless process, with the
éxception of small amoﬁnts of ammonia
at times and an earthy odor given off
By the contents.

2. It has the ability to handle shock loads.
Once the system is operating properly,
the ditch can absorb brief heavy loadinés
without upsetting the biological process.

3. It fits well into the farmers work schedule,
requiring very little attention or
maintenance.

b, The procéss fits readily under the labor-
saving slatted. floor system,.éliminating
e*tra pumping or flﬁshing systéms:

5. It is a réasonably inéxpénsive,progéss,

both in capital cost and operating cost.
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The oXidation ditch is.not without its disadvantages
as we]l; Prob]éms with;bearings;“improperly designed:rotors,
motors and bélts caﬁsed many fai]ﬁrés with the first Qnits. The
experiéncé and knowlédgé gainéd from solving these problems has
been used in the désign of néw’equipment resulting in fewer breakdowns
and less mainténancé (Smart“éi;gij 1975}.

Most o*idation ditches are operated on a continuous
flow basis wheré thé ditch is kept full to the level of an ovérflow
sluice gate. Thé overflow from. the slﬁice gate has little or no odor
and its-B.O.D.S'is in thé range of 2,000 to 3,000 ppm. which is
unacceptablé for diréct discharge into a natural body of water.
(Canada Animal Waste Management Guide). This effluent requires

further treatment which usually takes the form of an aerated lagoon

or spray irrigation onto a land surface.
2.3 Thermophilic Digestion of Animal Wastes
Up to this point the anaerobic and aerobic systems described
in the text have been operating at ambient temperatures. Temperature
is one of the most important environmental parameters affecting
the growth, activity and evolution of organisms (Allen 1953).

2.3.1 Types of Micro-organisms

Farrell and Campbell defined three different types

of bacteria which may be isolated from culture media maintained at



temperatures above,SSOC. .They were as follows:

T.

Thérﬁétéleraht:‘

vThéSe’Q}ganismS'are considered‘genéra]ly

to.be able to:grow and proliférate'best at
28°¢ to 40°C andvmérely tolerate or survive
at.thé higher temperatures for short périods.
Théy do not réproduce at thése higher temperatures.
Facﬁltativé:

Thésé organisms are facﬁltative in that they
may grow at moré than one témperaturé range
but préfer thé higher thermophilic conditions.
Obligate:

Thése organisms are obligated to grow in the
thermophilic range. They usually proliferate
best at 60°C to 65°C and show no growth below

42°¢.

The thermophilic or heat loving digestion system was

first developed for treating municipal wastewaters. Kambhu and Andrews

(1969) conducted a series of simulation studies using thermophilic

aerobic bacteria.

They showed that by increasing the oxygen transfer

efficiency and by thickening the sludge it was theoretically possible

for thermophilic aerobic digestion of municipal wastewaters to be

self-generating with respect to . the heat required. . Therefore,

thermophilic bacteria when supplied with enough oxygen and



concentrated nutrients will function exothermically releasing
sufficiént heat to maintai;.fhé‘temperatﬁre.of theisystém aBove
ambient conditions: Latér'wérks by'Popél and Ohmnacht (1972)
and Sﬁruce'gz_gl: (1976)~contain.numérica1 examples showing
that it is possible to‘opéréte.a:self—sﬁstaining sysfém in the

thermophilic range.
2.3.2 Factors affecting the rate of Thermophilic Digestion

Theré aré several factors which inflﬁénce the rate
at which the biodegradable volatile solids (BVSS) will bé oxidized.
BVSS répresents those solids which can be broken down into CO2 and
HZO by the bacteria.
I. Concentration of BVSS:
An optimal concentration of BVSS in the waste
since it serves as the source of available
nutrients, mainly carbon and nitrogen. When
these nutrients, along with others, are
available in good supply they increase the
~growth rate which in turn increases the reaction
rate.
2. Témperature:
: Témpérature affects the rate of biochémica] and
chémica] reactionsl‘ According to thé classic

thermodynamic discovery of Arrhenius, the



_20_

biochemical reaction rate follows an equation

which can be empirically expressed as
ddnik _TE-

where k is the reaction rate

dt - 2.

TRT . ,
constant, T is . the absolute temperature,

R is the gas.constant and E is the energy of

‘activation (modification Singleton et al. 1973).

Mixing:-

Adequate mixing is very important in order for
thérmophilic digestion to také place; Miking

of the médiﬁm accomplishes two things}it removes
inhibitory énd products from the vicinity of
microbial cél] métabolism and it brings the cell
into continuoﬁs contact with fresh nutrients
including oxygen. |

Oxygen Transfer Rate:

The transfer of oxygen from the air, through the
medium and into the cell is an important factor

in thermophilic digestion. The faster and more
efficiently oxygen is‘transferred into the system
the quicker it is available for substrate oxidation
and subsequent heat energy release. -

Composition of Solids:

In order for maximum growth tofoccﬁr the nutrients
e;g. Carbon, Nitrogén and Phosphorus must not

only bé présént but also availablé to the cell

in balanced amounts (Coulthard 1973).
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6. Concentration of Nutrients:
Thé~c§nvér3ion of hydrocarbons and carbohydrates
intétmicrdbial.céll§ and heat is given by the
following eqﬁations. It is noted that for every
Kilogram of cell wt.synthesized, 3,000 to 7,600
kilocalorié$.ére produced.

i) for Hydrocarbons

ZnCH + zno2 + o.lgnNHl+ + (P, K, S etc) -—

L

n (CH1.700.5N0;19 Ash) + nCO2 + ].SnHZO + 200,000 Kcat.

ii) for Carbohydrates
+
1.8 CH,O + 0.8 0, O0.19NH,  + (P, K, S etc) . ‘ e
n (CH].700.5N0.]9Ash) + 0.8 €O, + 1.3 H)O + 80,000 Kcal.

Therefore, a high concentration of Carbon along with other nutrients

will ‘increase the rate of reaction and the production of heat.

7. Concentration of Micro-organisms:
The viable.cell density or concentration of
- metabolizing micro-organisms .within the ‘medium

will determine the rate of*breakdoWniof BVSS
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in that the higher the population the faster the
.reaction rate;l The surface area of the average
cell is a measﬁrémént of the cells ability to
contact .the substrate and to remove the reaction
products::vThé surface area of 0.8 gms of wet
weight cells i.e; 10]2 cells is approximately
50 square feet. Thus a doubling of the cell
population doubles the reaction raté, provided
other factors aré optimal for normal cell
metabolism;

8. Types of Micro-organisms:
The type of thermophilic organisms found within
a thermophilic process is inter-connected with
the temperature and time of exposure of the system
to thermophilic conditions. Another aspect of
the type of micro-organisms present is the
possibility of predators, inhibitors and competitors
in the population. The presence of these
micro-organisms may lower the population of

thermophiles and adversely affect the reaction rate.

Surucui. (1975) found that the nutritional requirements
of pure cultures were much more exacting than the“reqﬁirements for
a mixéd cultﬁré. This may indicate.that a trﬁe synergistic or
co-operative rélatiénshipvmay ekist betwéen species of thermophiles
i.e: the ability of two organisms to bring about changes which

neither can accomplish alone.
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2.3.3  Advantages of Thermophilic Digestion

Thermophilic djgéstion has sevéral advantagés over
the treatmént systems already discﬁsséd. The most obvious of course
is thé hiéh réaction:raté’WhiChﬂmeans a short deténtion time:

The thérmophilic bacteria will enablé thé treatment or degradation
of concentratéd biodégradab]e organic wastes to be completéd ina
shorter timé (Surucﬁ 1975). Matsch and Drnevich (1977) calculated
that an aérobic djgéstér operating at SOOC coﬁld achievé thé same
degree of dégradation at one half the retention timé of a system
operating at 20°C.

Higher maintenance enérgy requireménts and higher
microbial decay coefficients for thérmophi]ic bacteria have been
reported by Matsch and Andrews (1973) and Allén (1953); This means
that a thermophilic digester has an advantage over a mesophilic
one because the amount of sludge requiring ultimate disposal would
be less.

Pathogens, viruses, fungi and parasites cannot survive

in the moist, hot environment of a thermophilic digester (Bragg

et al. 1975).

2.3.4 Thermophilic Digestion of Farm Animal Wastes

The use of thermophilic digestion for the treatment
of farm animal wastes has not been widely studied. At the University

of British Columbia there has been a large amount of work done in the
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area of thermophilic digestion of farm. animal waste.especially

swine waste (Bragg'gijél;fr975§ KittSféE_gl; 1974 Coulthard 1973;
Coﬁlthard'& Hendrén l973§]Coﬁlthard and Townsley 1973). These

stﬁdies have resultéd in.the désign'of a simplé, efficient
thermophilic digestér,which can be adapted to many Qsés both
agricultural and mﬁhicipal? Coﬁlthard'gﬁ;gl: (1974) carried out
fermentations on municipal, poU]try; swine, dairy and beef feedlot
wastes in both batch and continuoﬁs processing. The fésults of

these tests show that it is possible for a thermophilic digestér
utilizing farm animal wagtes to bé self-sﬁstaining in terms of
temperature. The two most important factors for the maintenance

of thermophilic bacteria have been foﬁnd to be an adeqﬁaté sﬁpply

of oxygen i.e. D.0. level preferably above 1.0 mg/t1. coﬁpled with
vigorous mixing to strip the CO2 from the cells and bring them into
contact with new sources of nutrients. These results agree with those
of Popel and Ohnmacht (1972) and Matsch and Drnevich (1977). However,
the results of tests with municipal sludge at U.B.C. show a much
higher temperature is achieved than that in the study by Matsch and
Drnevich (1977). At U.B.C. temperatures of 60°c-72°C have been

normal with municipal Qﬁudge (Coulthard 1975). _This disagrees

with Matsch and Drnevich's statement that autothermal aerobic digestion
is a self-limitihg unit with an upper limit of 60°C. This difference
could be dQe to a moré concéntratéd.sludge at U.Blc;,'différént
popﬁlations of micro-qréanisms or a.more efficient-o*ygén'transfer

in the U.B.C. anit.
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Other studies carried out-at U.B.C. have been concerned
with the sﬁitability'ofAthe'pronct'of ferméntation as a féed
supplément for animals. With thé.ingrédiénts currently in Qse,
swine diets aré 85% digéstible.TBiS leaves 15% to be uséd as a
sﬁbstrate for férméntationlby micro-organisms. This .15% which is
not digested begins to,ﬁndérgo chémical changes caused by sécretions
into the intestiné and continués to change aftér being ekcréted.
Microflora markedly changé thé nitrogenous components in fecal material.
(Harmoh'éﬁ;gl: 1970) . Thé hitrogén components are the most valuable
in waste. While ruminants can Qtilize the simplér products sﬁch as
urea and uric acid, swiné reqﬁiré that amino-acids be préformed in
the diet.

Studies performed by Singleton g£ 3l.(i973)'showed that
proteiné from thermophilic bacteria appeared to be similar to that
of mesophilic organisms with respect to molecular weight, amino-acid
composition, and primary sequences of amino-acids. Mateles (1968)
carried out studies on the growth of a thermophilic micro-organism
on hydrocarbons. He concluded that the protein content of thermophilic
organisms and the amino-acid composition of the protein would be
better nufritiona]ly than that previously described for soﬁrces of
single-cell protein.

The U.B.C. studies (Bragg et al. 1975) showed that
thermophilic processéd animal wasté can bé incorporated into a chick
4startér diet at 5% and 10% of the ration withoﬁtnadverée éffécts on

the rate of growth aﬁdifeed'conversionfratio. Coulthard 61973) listed
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the protein analyses of.the.varioﬁs components of .the processed
.slurry: The total'procéséédislurry had a crude protein value of
17% (dfy weéight basis) .. Thé'fine,-apprOaching colloidal size,
solids wh?ch.settlé out-slowly had a chde protein level of 30%,

and colloidal centfifuééd'go]ids from the supernatant was in the
range of 50% crudé protéin:..ThéSé.résﬁlts agree with those of
Holmes (1971) who found that most of the dry mattér and the protein
in the conténts of an‘o*idation ditch were'éontainéd in the particles
of thé smallést size; Sﬁbséquént anélyses of fractions arising. from
passing through a 20, 50, 100 and 200 mesh screen show a linear
increase in amino acid concentration as particle size decreases

(Harmon 1972).
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3. USE OF LIVESTOCK WASTES AS FEED FOR SWINE
3.1 Poultry Waste

Trivélin (1961) stﬁdiédvthé*application of chick's féces from
a battery broodér in,thé feéding=of wéanling‘pjgs. A basal ration
sﬁbstitﬁtéd with 5%, 10% and .15% of that basal ration was used with
similar proportions of chick's fecés. Statistical significance among
treatments were not.observed: 'Resﬁlts measﬁred in térms of avérage
daily gain and feed conversion indicated that substitution in the
ration of 5% to 10% by équal proportions of chick feces prodyced
satisfactory results, the 5% proportion being the most advantageous.

Geri (1968) fed young pigs a diet containing poultry manure
substituted for bran at levels of 7-10% for a period of four weeks.
Those animals fed manure containing diets had lowér daily weight
~gain and higher feed intake per kilogram gained. The younger pigs
(17 kg.), when fed the manure substituted diets, were not as healthy
as the control (many developed diarrhea). 1In a later trial anti-
biotics and vitamin B]2 were added to the diet and larger pigs (33 kg.)
were used. With these changes the daily gain and feed efficiencies
were slightly better than the control. Feeding trials at the Harper
Adams Agricultural College (Blair and Knight 1973) have shown that
Driéd Poﬁltry Wasté (DPW) can be inc]ﬁded in swine rations at é
1evél of 5% withoﬁt inflﬁéncing growth rate and feéd efficiéncy;
At Jevels of 10% DPW in the fééd growth rate and feed éfficiéncy were

depressed. Perez-Aleman et al (1971) studied the effects of
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sterilized DPW as an additive to a conventional diet, at leyels of
110%; 20% and'BO%; for groWiHéfpigS'from 23 kg. td'85 kg: livé wéight.
The pigs remained héa]thy and no advérsé affects to the carcasses
were noted. It was foﬁnd.that for,evéry 10% addition of manﬁre,
~growth rate was redﬁced BYiO:OZ_kg/day; feed conVérsibn efficiéncy
by 0.25 ﬁnits and dressing oﬁt pércéntage by 0.96%. Latér work by
Dénisovv(l975) tended to‘support.thése findings.

In spité of its advérsé éffect on growth, manﬁré whén included
in the diet decreaséd the backfat thickness and incréaséd thé méat:fat
ratio which might improve the ovéra]]lgrading of the carcassés (Perez-
Aleman et al. 1971; Osterc 1972; Denisov et al. 1975). Since the
manure contains large amounts of fibre and ash and thérefore relatively
low digestible energy, Osterc (1972) concluded that the use of DPW
for finishing swine was acceptable only when the ration was adjusted

to balance the low energy value.
3.2 Swine Waste

The refeeding of swine waste has not progressed at the same
rate as the refeeding of DPW and cattle waste to ruminants. Diggs
et al. (1965) reported that avérage daily gain and feed efficiency
of swine fed a fattening ration containing 15% dried swine waste
was similar to thé performance of animals féd a typical corn-soybean
meal control ration. Othér stﬁdies with swine manure:sﬁbjéctéd to

anaerobic digestion and added at 24.5% to a fortified corn soybean
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meal diet, havé shown this mixturé.to:support.satisfactory.géin
and»féed éfficiéncy in'kafs:(Hérméh'gijél; 1969): ' Héwevef, later
studiés by Harmoh'é};él: T97331failed to duplicate thésé'results.

In this second trial driéd swiné waste solids collected from thé
sﬁrface of a séttlinguskimminé tank and incorporatéd‘info typical
corn-soy diets at 10% as a corn.replacemént or at 16;8% for replacing
3% of thé soybéan méal depressed weight gain and'féed efficiéncy

in rats. orr'gz_glg (1971) réported similar growth dépressions

in finishing swine as a résult of Qsing driéd swiné waste to réplace,
one-third of the protéin in a corn-soy diet containing 13%'crﬁde
protein. Fﬁrthér studies by Harmon et al. (1973) with swine waste
oxidation ditch liqﬁor seemed to indicate that the fluid, when mixed
with a 12% corn-soy diet at two parts of liquid per part of dry feed,
caused a small, but consistent improvement in weight gain and feed
éfficiency when compafed to the control group which had had their
feed mixed with water.

Holland et al. (1975) conducted a feeding trial using unprocessed
wet swine manure and dried swine manure. The manure was collected
from finishing hogs and fed to gilts with an average body weight of
125 1bs. The feces were found to be of less nutritive value than
the basal corn-soybéén méal ration, however,.the nutriénts contained

in the feces were in a form usable by the animal.
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L. EXPERIMENTAL
k.1 Design of Experimental Equipment
L1 Thermophilic Process Unit

Most of the experimental work at the University of
British Columbia involving thermophilic aerobic treatment of wastes
has been performed using the same process unit. The unit consists

of two fermenters each with its own mixer and air sparger.
h,1.2 Fermenter Design

Figure 1, a schématic of one of thé fermenters, serves
to illustrate the design and layout of\the tank. The two fermenters
are constructed of fibreglass in order to reduce the cost and
prevent the corrosion and contamination which'is possible from
a metal tank. Each férmenter is five feet high and four feet in
diameter. The bottom is rounded on the inside to aid the mixing
actién. The operating capacity of each of these two tanks is
50 cu.ft. (approx. 300 gallons) with a total capacity of 62 cu.ft.
(388 gallons). Fittings are provided which enable the two tanks
to bé joined in series so that a conffnuoﬁs férméntation can . be
carried oﬁt in addition to:the normal batch OpératiOn:f Each tank
has an oﬁtlét and valve located at thé'bottom to allow draining

of the contents when required. Insulation for the tanks consists
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of a one ‘inch thick styrofoam blanket bonded to.the oﬁtsideuand
covéred with a protective layer éf'cahvas and epoxy résin; The

tanks aré placed diréct]y on thé ground with no concrété footings
or foundations. The tops of the ferméntérs are not encloséd and

are open to the air.
' 4.1.3 Mixer Design

Adequaté mixing and agitation of the liquid is a vital
part of the thermophilic aerobic digestion of animal wastes
(Coulthard 1973). Dﬁring fhe early tésts much of the research was
directedvtowards finding a suitable design for a mixer.

For a normal fermentation the depth of liquid in the
tank is four and a half to five feet. The total length of the
mixer shaft is seven feet. Design;husing a bearing at either end of the
shaft showed that the béaring which was submerged was subject to
rapid wear, and required frequent replacement (Coulthard -
personal communication). Thfs led to a design with both bearings
placed at one end of the shaft, above the level of the liquid in
the fermenter. For this design the shaft was of stainless steel
two inches in diameter and was hollow in order to reduce the load
on the motor. Stainless stéel was chosen because of its resistance
to corrosion. It was discovéred that this shaft had variations
in its diaméter along its lgngtﬁ,of plus or minus_five thoﬁsandths

of an inch. This was due to the extrusion process used in the
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manufacturing. These variations caused problems in fitting the
béarings to thé shaft:and:é]éo causéa the shafts to.be:oﬁt of
balance. The poor fit of thé‘bearinés and the uneven’wéight
distribﬁtion caused excessive vibration in the shaft which in
tﬁrn resﬁltéd in rapid,wéar and.ﬁnaccéptably short bearing life.

The most:recent design, shown in Figﬁres 2 and 3
utilizes a solid stainless stéel shaft one and a half inches in
diameter. The solid shaft is‘manﬁfactﬁred by a drawing bfocéss
which results in thé diameter being chh.moré uniform: Two hea;y-
duty flange bearings moﬁnted eight inchés apart aré Qséd to sﬁpport
and guide the mixer shaft. Thesé bearings, in tﬁrn, aré bo]ted
to a supporting metal framework which also sérvés as a moﬁnt fér
the motor. Because of the increased weight of the shaft a two
H.P. electric motor is used instead of the normal one and a half
H.P. motor used in the earlier designs. A totally enclosed motor
is used to avoid damage due to dust or a build-up of foam in the
'fermenter. The motor and.mixer shaft are connected by a double
V-belt pulley which reduces the r.p.m. by 50 percent resﬁlting
in a final shaft speed of 880 r.p.m. The mixer unit as a whole is
mounted on a wooden frame which rests across thé top of the
fermenter. Rubber bushings are Qsed between the mixer base§ and
the wooden frame in ordér to réduce thé amount of vibration
transmitted to the tank,

Thé’solid shaft mixer was installéd'in February.l976

and has not required a change of bearings to-date.
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FIGURE:3 . SOLID SHAFT MIXER
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L.1.4 Agitation

Agitation of.thé'liquid is accomplished by a foﬁr bladed
propé]lér attached to.the end of the.shaft. This propeller has a
diaméter of foﬁr inches from tip to tip and the bladeS'afé‘pitched
étoa.ASQrapgle. Figures 4 and 5.i]]ustrafe the mixing action in the
tank. Four wooden bafflés are Spacéd 90O apart around the inside of
the tank to insuré compléte mixing: Thé propeller has two functions
oné is agitation of thé liquid and the other is mixing in the air
supplied by the spargers. This combination of mixing and aeration
gives the most efficient transfér of oxygen from the gas to the

liquid (Hatqh 1975} .
b 1.5 Aeration

Oxygen in the form of compressed air is supplied to
both fermenters by a Jacuzzi Model 331 compressor mounted on a
pressure tank. Each fermenter has its own air line equipped with
a valve and an airflow meter so that the amount of air being supplied
can be carefully controlled and independently recorded. The flow
meters used are Roger Gilmont Sizé’#S which measﬁre air flow over
the range of 5,000 m1/min to 75,000 ml/min. In order to maximize
the oxygen transfer eff|c1ency air spargers are used- These
spargers are mounted directly beneath the propellers of thé mixérs.
Cﬁrréntly, two types of spargérs aré in use at U.B.CE ‘Thése are

shown in Figures 6 and 7. The first type (Figure 6) consists of
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a flat plate attached over the air outlet. The purpose of this
p]até is to bréak théiinCémfgé stréémvof air into:smal].bubblés

over a widér aréa. The'fﬁnction of .the ball benéath.the plate

is to block thé aperture.of the air line in thé evént of a compressor
fai]ﬁré and prevent thé air line from bécoming plggged. Thé second
typé of sparger (F]gﬁre 7)- is shaped liké an invertéd coné, the
sloping sidés of this.cone havé chéhnéls spacéd evenly aroﬁnd their
circﬁmférence. The air stréam from the compressor strikes the point
of the cone and spréads Qp the channels. This insﬁrés thé bréaking-
up of the airstream and the formation and éven distribution of small
bubbles into thé liqﬁid; This second typé of sparger is also-

equipped with a ball to prevent plugging of the air line.
L.1.6 Foam Breakers

During the early stages of a new fermentation large
amounts of foam are produced. This foam, consisting of very small
bubbles with thick membranes is quite firm and stable. This
stability can lead to an accumulation of foam in the top of the
fermenter to such a degree that it overflows the sides of the
fermenter.‘ Overflowing can result in a physical loss of the
substrate, interference with electrical equipment, reduction in
températuré and, bécausé'the temperatﬁre of thé foam is lower than
thé témpératﬁré of .the lfqﬁid;.less effective.pathogen kill.

rn.thé later stages of thelférméntation.the'incréase

in temperature tends to decrease the surface tension of the liquid.
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A decrease in the surface tension produces a foam which has larger
bﬁbbles with thinnér mémbfaﬁés:whiCh'éré more sensitive to vibration,
tﬁrbﬁléncé, wind chrénts‘etC. and bﬁrst more readily. As a result
this foam does not ac¢umﬁlate'to théipoint of overflowing.

In the early stages, control over the level of foam
in thé férménterWasaCCOmplishedfby'a mechanical device consisting
of a blade welded to a shaft which is attachéd to a 1/h H.P. électric
motor. QriginaT]y,the.blade was bolted to the end of thé shaft,
however, vibration tended to loosen the bolt and whén coﬁpTed with
rotation of the shaft caﬁsed thé bolt to unscrew itself résu]ting
in the loss of the .blade.

The foam is shéared mechanically by the blade in order
to maintain a constant level. The motor is enclosed and mounted

on the same wooden framework which supports the mixer.
.2 Energy Requirements for Maintenance of Fermenter Temperature
4.2.1 Introduction

Studies involving thermophilic aerobic digestion at
U.B.C. have repeatedly shown that during fermentations, substrate
temperatures of 6OOCf6SOC can be maintained ovér a period of several
days or weeks (Coulthard 1973). However, whether or not the total
énergy reqﬁiréd to maintain.thé,temperatﬁré came froﬁ microbial
‘action was not known:5 In ordér to invéstigate what_éffécts thé

mechanical action of agitation afid aeration have on heat production
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and temperature maintenance, and the.relative insulation value of
foam compared to styrofoam a number of experiments were designed

relative to the following objectives:

a. To.invéstigatevthé effect of mechanical enérgy
from agitation on thé total amoﬁnt of énergy
réqﬁiréd to.maintain a given témpéfaturé.

b. To invéstigate.the combined effects of agitation
and aération on thé total energy réquiréd to
maintain a‘givén témpératuré.

c. To invéstigaté thé effect of aeration on the
total'amoﬁnt of énérgy reqﬁired to maintain a

~given témperaturé.

d. To examine the variation bétween the energy input
réquired for temperature maintenance with a styrofoam
covefr on the top for fnsulation as compared to

detergent foam as insulation.
h.2.2 Materials and Methods
a. Introduction

Fermenter #2 at U.B:C.'s Thermophilic Unit was
drained of all organic matter and the inside was then scrubbed with
a brush and rinsed several times with hot water. All accumulations

of organic matter were removed from the mixer support and foam
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breaker as well. .The.elimination of organic matter was to ensure
that during thé expériments;theké<WOﬁld be no possibitlity of
significant heat prodﬁction'from microbial activity. Energy for
incréasing and maintaining:thé témpératﬁré, aside from that whiéh
might be sﬁpplied'by.aeration and agitation; woﬁld comé from two
1,500 watt 220 volt watér héater.eléments. These heater elements
were mounted through thé wall .of the férmenter 15 inches above
~ground level and spacéd‘T80 dégréés apart. The férmenfér was then
filled with tap water and a cover made from a oné-inch thick

styrofoam sheet which was then fitted to the top of the fermenter.
b. Temperature Regulation

For this set of experiments a temperature of 650C
was chosen as a representativé fermenter temperature level during
normal thermophilic fermentation of hog waste. The fermenter
femperature was regulated by controlling the amount of electric
power reaching the heater elements. During the initial stage of the
experiment when a steep rise in temperature up to 650C was desired
the power was uninterrupted. Once the desired temperature of 650C
was reached the power was suppliéd to the heaters in small pulses.
The fréquency and strength of these pulses was regﬁlated by a
proportional controllér in order to maintain thé temperatﬁre at
650C + 3OC. A circuit diagram for .this controller'is includéd in

the appendices.
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c. Power .Measurement -

Thé amoUnf of poWér reqﬁiréd for maintenance of the
température dﬁring.theséxexpériments.was méasﬁréd-using a kilowatt-hour
(KWhr).métér. This is.thé?éamé typé of metér Qsed by -the Utility
Company to measuré hoﬁséhold consumption of poWér.' Readings were
taken at least oncé a day with_thé time of day, férmenter temperature
and Kwhrs being recorded. Thésé fjgﬁrés wére then uséd to compute
the amount of heat energy in British Thermal Units (B;T:U;) reqﬁired
by the heater elements Qndér the varying conditions of aeration and
agitation. To convert powér consﬁmption in Kwhrs to heat energy
in B.T.U. a mﬁltiplying factor of 3413 B.T.U./Kwhr was used. The
result from this calculation was thén divided by the elapsed time
(hrs.) to obtain B.T.U./hr. The number of Kilowatts used over a

~given time period (T]-Tz) was determined by:
AT By

1 2

W= T
T, =Ty

where: A meter reading (Kwhrs) at time T

w
it

meter reading (Kwhrs) at time T,

d. Experimental Conditions
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i. No Agitation - No Aeration

Under conditions of no agitation.and no
aeration it is possible that a témpératﬁré»gradiént could form
bétwéén the heatérs and the temperatﬁré probe. To prévent such a
A gradiént from forming thé miXer was switched on for a short period
of timé to draW'thé warmer water Qp from thé bottom of the tank.
This action was répéatéd at intervals throughoﬁt the day.

The témperature in the fermenter first reached
65°c + 3°C on November 18. For the next seventy-two hoﬁrs, the
températﬁré was maintained at this léve] wi th no‘agftation or
aeration provided, éxcépt as noted above. The figurés obtained
during this timé were uséd as a basis for comparison with thé

experiments which followed.
il. Agitation

To investigate the effect of mechanical
energy from agitation on the energy requirement for maintenance
of temperature, agitation was begun on November 21 and continued
for a period of one-hundred and one hours. Throughout this time

period the temperature remained at 650Cf 3°c.

iii. Agitation and Aeration

The combined effect of agitation plus aeration
: : S : : : 5
on the energy required for temperature maintenance was determined



_.l+5_

by continuing the agitation:and supplying compressed air at normal
levels of 11.5 to 14 Titres/minute. Readings were taken over a
period of forty-nine hours:while the temperature remained at

65°Cc + 3°C.
iv. . Aeration

To study the effect of aeration by itself
on the energy requirement the mixer was switched off and aeration
was continued at the previous levels. Readings were obtained over

a period of ninety hours.
V. Detergent Foam vs. Styrofoam as Insulation

At the conclusion of the aeration only phase
described above, the water which had been lost due to evaporation
was replaced by tap water. This caused the temperature in the
fermenter to drop to hSOC. Once the temperature was again steady
at 6500 + 3°C the styrofoam cover was removed, aeration and agitation
begun and a surfactant* added to produce a foam similar to that
wnich forms during a normal waste fermentation. Since aeration
and agitation were both required for the foam to form.it was not
possible to investigate their independent effects only'their combined

effects.

.
w

Commerc1al detergent manufactured by the Mandate Roman Company
of Vancouver, B.C.
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- 4,2.,3° Results and Discussion -

The readings from théSe‘éxperiménts are.given in
Table I and presentéd graphically in Figﬁres 8 and 9. The Daily
Ma*imﬁm and Minimum Témperatﬁres for.thé ambient air.during thé
expériment aré given in Tab]é II: Thése figﬁrés were obtained
from the Facﬁlty of’Agricultural'Sciencés Plant'Sciéncé Department
Weather Station which is located in the same general aréa as the

Thermophilic Unit.
a. No Agitation & No Aeration

For the first 72 hours while thé temperatﬁre
was maintained at 650C + 30C with no agitation or aération the
heaters expended a total of 273,040 B.T.U.s. On an hourly basis
this is 3792 B.T.U.s/hr. This figure was used as a basis for
comparison with the results of the experiments involving agitation,

agitation and aeration, and aeration.
b. Agitation

Agitation unaccompanied by aeration was supplied
for a period of 101 hours.: The total energy requirement for this
same period was 416,386 B.T.U.s or 4,133 B.T.U.s/hr. .This is an

increase of 9% over the energy requirement with no agitation and



Table 1.

Treatment

Date Temp OC Kw-hrs Time hrs Kw Avg.B.T.U./hr
Nov. 17 55 No Aeration & No Agitation
Nov. 18 66 " _ " 42 24.27 1.73
Nov. 19 -- -- -- -- -- --
Nov.. 20 -- -- - -- -- --
Nov. 21 65 Agitation after reading 80 72.08 1.11 3792
Nov. 22 65 Agitation 32 22.38 1.43
Nov. 23 65 Agitation 26 24 .62 1.06
Nov. 24 65 Agitation 27 24.33 1.11 4133
: 65 n 6 4,59 1.31
Nov. 25 65. Aeration after reading 31 24.83 1.25
Nov. 26 66 Aeration & Agitation 23 19.58 1.17
Nov. 27 65 Aeration & Agitation 27 22.92 1.18 Loys
’ -- Agitation off after reading 9 6.92 1.30
Nov. 28 -- Aeration -- -- --
Nov. 29 60 Aeration 86 45,83 1.88 6839
Nov. 30 63 Aeration 53 24 .59 2.16
Dec. 1 62 Aeration off after reading 42 19.91 2.11
66. No Aeration-No Agitation 8 5.00 1.6
Dec. 2 66 No Aeration-No Agitation 20 17.17 1.16
45 H,.0 Added 2 “1.91 1.05
53 NG Aeration-No Agitation 9 4. 84 1.86
Dec. 3 65 " " 37 17.5 2.11
66 " " 6 L.25 1.4
66 " " 4 2.66 1.5 .
Dec. 4 66 Styrofoam removed
Foam added 24 20.25 1.18
Agitation & Aeration '
Dec. 5 68 Agitation & Aeration 21.5 24 .42 .880
Dec. 6 66 Agitation & Aeration 12.5 21.25 .588 2516
Dec. 7 66 H " 12 26.83 Ry
Dec. 8 64 " " 15 20.91 717
Dec. 9 66 " " 25 23.25 1.07

- [ﬁ -




Table 11.

Date Daily Maximum Daily Minimum Conditions
Nov. 17 10 8 Clear

18 8 6 Overcast

19 9 6 Partly cloudy
20 9 5 Cloudy
21 8 6 Cloudy

22 8 6 Cloudy

23 8 6 Overcast

24 8 7 Clear

25 9 6 Clear

26 7 2 Clear

27 5 -2 Partly cloudy
28 5 0 Partly cloudy
29 5 0 Partly cloudy
30 5 ] Overcast (fog)

Dec. 1 2 ] Overcast

2 3 1 Overcast

3 5 3 Overcast

4 3 3 Overcast

5 4 3 Overcast

6 6 4 Overcast

7 9 8 Overcast

8 9 6 Overcast

9 7 6 Overcast

_8{7_
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no aeration. When the sources of error in this experiment such
as the use of water instead of hog waste and the possible effect
of ambient temperature are considered the 9% increase in the
energy requirement may not be significant. However, it should
be noted that it was an increase and not a decrease which
indicates that the energy input from the mechanical action of

agitation is negligible.
c. Aeration and Agitation

The combined effect of aeration and agitation
raised the energy\requiremént from the basic level of 3792 B.T.U. /hr.
to 4075 B.T.U.s/hr. This represents an increase of 7.5%. As was the
case with agitation the amount of the increase may not be significant
however the fact that it was an increase and not a decrease is

important.
d. Aeration

The action of aeration increased the energy
requirement to 6839 B.T.U.>/hr. which represents an increase of
80% over the requirement with no agitation or aeration. This increase

was partly due to the fact that a gap existed between the styrofoam
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and the mixer shaft. The incoming airflow caused the water to
bubble through this gap and across the top surface of the
styrofoam which greatly increased the heat losses due to
evaporation and contact with ambient outside temperatures.
However, other researchers (Matsch and Drnevich 1977) have
stated that the greatest heat loss in an aeration system is

with the aerating gas. Aeration by itself would have the effect
of increasing the amount of energy required for maintenance of

the fermenter temperature.
e. Foam vs. Styrofoam

The use of a detergent foam as insulation.for
the top of the fermenter reduced the energy requirement to 2516
B.T.U.s/hr. This is a reduction of 51% from the basic condition of no
agitation or aeratiom with styrofoam insulation. As previously noted
it was necessary to provide both agitation and aeration in order for
the foam fo form. When compared to the energy requirement for styréfoam
with aeration and agitation there is a 64% reduction. These reductions

indicate that an artificial detergent foam covering (which better)
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approximates the physical state of the.natural digestion.foam than
styrofoam) does in fact provide better insulation for the top

of the fermenter than does styrofoam.
- 4,3 Feeding Trial
4.3.1 Introduction

1t has been demonstratéd that compared to Qntreated
manure, aerobically tréatéd swiné waste from an o*idation ditch has
an enhanced protein valﬁe (Holmes 1971, Harmon 1975). Fﬁrther
work by Harmon & Day resﬁltéd in a systém for refeeding the liquid

from an oxidation ditch as a replacement for H, 0, with an increase -

2
in rate of gain and feed conversion efficiency (Harmon & Day 1974,
Harmoh_guDay 1975).

The product from thermophilic fermentation of swine
waste also has an enhanced protein value over that of raw manure
(Shepherd 1973, Bragg et al. 1975). To-date feeding trials with
this product have been confined to using the dried product in animal
and poultry rations (Kitts et al. 1974, Bragg et al. 1975, Kwok 1975).
The purpose of this stﬁdy was to assess the écceptability and potential

performance of Thermophilic Process Mixed Liquor (TPML) when fed

as a liquid to young pigs."

4.3.2 Materials and Methods



A total of forty-one piglets from four littersiere
uséd for this stﬁdy:'fThé?’wéré'divided'into‘foﬁrvpéns A, B, C,
and D. .The four penS-wéré;fﬁrther'dividéd nto. two groﬁps.

Group | forméd by.pens A + C-had a total of 20 animals, Group |1
forméd by pens é + D had a total of 21 animals. At thé béginning
of thé trial the animals,wéré 2818ays‘old and théir avéragé we}ght
was 11 Kg. Thé tria] lastéd for a period of 28 days with the pigs
being weighéd every two weeks. Both Groups weré féd dry feed

ad libitum. U.B;C:'s B2B ration was ﬁsed thrqughoﬁt thé trial.
This ration is fOrmﬁlatéd by a COmmércial feéd company to contain
approximately 16% Crﬁde Protein: Group | sérvéd as thé control
~group, they were allowed free accéss to the sélf—watérers located
at the rear of the pens; Group Il, the experimental group, was
supplied with TPML as a complete replacement for water. The
self-waterers in Group |1 pens were plugged and trqﬁghs were installed
at the rear of the pens.

The TPML from the fermenter was cooled before being
fed to the animals. Preliminary trials indicated that the animals
would drink the warm TPML th not as readily as when it had been
allowed to cool. No solids separation or drying was attempted.
Immediately before placing thé TPML in the tropghs it was thoroughly
mixed to ensﬁre that any settléd solids would be placed back into
sﬁspension. Thé troﬁghs wére fi]]éd by bﬁckets in thé morning and

late afternoon, usually at the same time that the animals were fed.
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- 4.3.3 Results & Discussion

There wéré‘ho-déaths3or signs of {llness in either
Groﬁp I or Group 11 dﬁringfor after.thé tria]:. The.resﬁlts shown
in Tablé‘lll are on a total:weight‘gain/pén basis; Some of the ear
tattoos wéré illégib]e‘and,théreforé it was not possib]é to record
individual weigﬁt gains:' An analysis of thesé resﬁlts using the
F test showed that thé differéncés in wéight_gains/pén wére not
significantly differént;indicating that TPML was acceptable as

the total replacement for H

>

20 for onng pigs in this trial. These
data would fall between the two gfoﬁps of pigs fed o;idation ditch
mixed liquor (ODML) by Harmon et al. Harmon and coworkers (1973)

reported that pigs yoﬁngér than 28 days of age when fed ODML grew

less rapidly than the control animals. However, these same pigs

when fed ODML at 56 days of age, grew faster than the control group.

Table {11
Weight
ain
...................... ‘kg)‘
Group | (HZO) .. .Pen A T 1304 -
CoPen CoT o "103.6"
Avg. T 117.0
Group Il (TPML)  ~Pen B 86,60
Pen D~ 1144




The animals used in.this .feeding trial with TPML fall between the
two‘age'grohps uséd'by‘Hérﬁbﬁ:v Sincélthere'was no significant
differéncé in.thé growth"betWeéh thé‘control and treatmént groﬁps

it woﬁ]d indicate that this:data is:in agréement with Harmon.(1973)
fallingAbétwéen thé two.agé‘groupslt'Taken with Harmon's ear]iér

work (1973), the résﬁlts:sqggest:that as the pig gets.oldér it is
able to ﬁtilize.thé nutriénts.from.thé'reCycled feed more efficiently.
This trénd can bé seen in.thé changé in averagé daily gains for the
first two wéeks as opposed to the last two weéks; Thé average daily

~gain per pig is shown in Table IV.

Table IV
‘Average Daily Gain (Kg)
0-14 days  14-28 days
Group | (H,0) ... Pen. A... . . ..335. . .. ... .hy
. Pen C . Jhhe . 478.
_____ Avg. . .390 . . ..  .h59
Group |1 (TPML) ... Pen.B. . . . .271 .. . .289
~PenD. . . .320 . . .h96
o o Avge.o 2960 392

Group | the control group increased their average daily gain to .459kg/day
for the final two weeks from .390 kg/day for the first two weeks.

This is an increase of 17%.Group !l the TPML group increased their
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average daily gain.to .392 kg/day from..296 kg/day an.increase of 32%.
This fact when considéréd"WithiHarméné-resﬁlts sﬁpports,thé théory
that as thé animal gets older'its djgéstive system is.ablé to
utilize the nutriénts.from.thé'réCycled feéd more efficiently.
This increase in efficiency is most probably dﬁe-to the establishment
of a population of micrOflora»in:thélgastrointestinal tract which
is able to utilize the TPML more-éfficiéntly.

Trials ﬁsing older animals aré réquired to fﬁrther
exp]oré thé possibilitiés of using TPML as a total_HZO.replacémént
for pigs. Thé results of this Féeding trial show that Thérmophi]ic
Process Mixed Liquor (TPML) can bé Qséd as a réplacement for water
in the diet of bjgs bétween the ages of 28 and 56 days with no apparent
detrimental effect on their health or fate of gain.

i/

k.4 Commercial-Size Application
L .4 Introduction

As was previously mentioned the Thermophilic Research
Unit at U.B.C. has a total operating capacity of 600 gallons.
Although this is adeqﬁaté for pré]iminary research é larger unit
would enable a wider range of éxperiments to be carried oﬁt. In
addition, commércial sizéloperations woﬁ]d.reqﬁiré larger férmenters
for many spécific applications: For.thése reasons a 'scaling-up"

of the fermenter $ize was proposed and planned. It:was convenient
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.that a:new swine operation waS‘béinguplanned by‘Kriwbkon‘EnterpriseS'
for installation at POrt'Albefhi'én Vancouvér Island:u Thé reséarch >
~group at U:BLC. was approached concerning the possibility of
ﬁtilizihg thermophilicvférméntation to héndlé the wastés from the
néw operation. For this.néw opération, it was décided'to incorporate
thé 'scaling-up'' of theﬁférméntérs with a wasté handling system which

would include refeeding of the product.
L.h.2 Location & Layout of Farm

Kriwokon Entérprises is situated on approximately
seven acres of land néar Port A]bérni, B;C: Feed crops aré not grown
on the farm because of the small land area, all the feed is'_
purchased from a commercial feed company. There is, therefore,
no cropland on which to spread the untreated manure nor is there a
sufficient area for a lagoon with an irrfgation system. In situations
such as this a thermophilic treatment system with refeeding of the

product has several advantages:

a. The fermenters do not require a largé land area
for installation. For this particular installation
the entire Qnit inclﬁding ferméntérs, product tank,
control housé, pﬁmps and comprésSors can .be placed

on a 13 ft. x 41 ft. concrete slab.
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b.  The product from.the.fermentation can be recycled
and:therefore does not require.an:irrigation system

or field spreading for final disposal

- C. As a.result of the high temperature. fermentation

.the:product is pasteurized.

d. The product from the férméntation has an enhanced
protein‘valué and whén récYcled as a feéd can
result in a réduction in thé amoﬁnt of commércial
feed réquired without significantly éffecting the

rate of gain.

The purpose of this new operation is to produce and
raise weiner pigs for the feeder hog market. The estimated yearly
production is 6,000 weiner pigs and plans exist for futﬁre expansion
to a complete farrow to finish operation. At the present time, the
breeding herd consists of 316 sows and 12 boars. In aadition; up
to 360 weiner pigs may be present at any one time. The animals are
housed in two separate buildings. FigﬁrelO shows thé general layout
of the buildings and their dimensions. Both bdi]dings are alumindm
sheathed structures erected on concrete foundations. Insulation
is ﬁrovided by sheets of rigid polyuréthane foam on the walls and
céilings...The'gestating sows are képt in the 1argér.5ﬁi]ding=a]qng

with the boars. .The smaller building is divided into:three sections.
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FIGURE:10 LAYOUT OF PORT ALBERNI OPERATION -
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The farrowing area with.$ixty.individﬁal farrowing -crates.is located
in the.wéstérn half'of:thélbuildihgl:fThe'éasterh half of.thé bﬁilding
is largely'OCCQpiéd by,thélpéns~for the‘wéinér pigs. These pens
are.divided into.thrée'ééctions with:6 pens to a séction for a total
of 18 pens. The sma]l‘aréa'rémaining at the extreme eastern end of

the building is used as:an office, dressing room area.
L.4.3  Waste Collection System

The wastés from both buildings aré collected by a system
of gﬁttérs benéath thé floors. These gﬁtters afe covéred by metal
~gratings. The manure falls or is trampled through these metal
~gratings into the gﬁtters: Each gﬁttér has a flﬁsh tank whfch
periodically flushes thé wastes from thé gﬁtter into a sump. The
use of flush tanks and gutters for the collection of swine wastes
has been covered in several papers (Brodie 1975, Koch 1975, Miller &
Hansen 1973, Koellilar et al. 1972 and Smith et al. 1971).

In both bﬁildings the gutters slope from either end
towards the centre of the building. All of the gutters have a
3% slope (&' in 10') including the gutters which cross thé centre
of the buildings and empty into the sump. The gestation barn has
a total of seven gﬁttérs, foﬁr across the wéstern end and.thrée
across the eastern end. Each of thése.gﬁtters has a 250 gallon
flﬁsh'tank. The farrowing area has four gﬁtters each éqﬁipped with

a 250 gallon flush tank. The weiner area has three large waste
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‘ guttérs, one located'benéath,each'Of the three.sections of pens.
ThéSe.guttérs aré-éppfb*imate19'10'ft:‘widé and each one is flushed
from a T;OOO'gallon tank:‘:A]]'of.thesé tanks aré.flﬁshéd twice

dai]y: The wastes from bothvbﬁildings are carried to the sump

which is located bétwéehﬂthé twotbuildings; Figuré 11 is a longitudinal
section of thé sump showing the baffles located at the two inlets.

The pﬁrpose of thesé bafflés ié to direct the incoming wastes.towards
the bottom of the stpl..Thé solid ‘wastes sett]é to.the bottom of

thé sﬁmp and the liqﬁid rémains at the top: Thé lidﬁid is ré—used as
flﬁsh water and the solids are pﬁmpéd from thé sump into the

thermophilic treatment unit. The top layer of the liquid is aerated

before being re-used as flush water.
4 4 4 Estimated Levels of Waste Production

Because thie hog operation was not yet in operation the
level of waste production in each section had to be estimated in
6rder to design the treatment system. Waste production was
calculated on the basis of oné gallon of waste produced per 100 lbs.
liveweight per day. This figure and those used for animal weights
were obtained from\(Overcash;Humeﬁik and Driggers 1975). The
estimated levels of waste production in gallons/day calculated
for each section are shown below; Each individual estimate was made

for the maximum population in each section.
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A. Farrowing Barn -
l."Farrowihg'Aréa‘-
60 sows and litters @ 374 ]bs.'éa. 224 gals.
2.A‘Weiﬁer?Areaﬂ |
‘360 weiner @ 40 lbs ea. ) 14k gals.
B. Gestation Barn

1. Gestating Sows

..257 sows @ 275 lbs. ea. _ 707 gals.

2. Boars -
12 boars @ 350 lbs. ea. . b2 gals.
Total; ' 1,117 gals.

The total estimated production of waste per day from
both barns is 1,117 gallons. The thermophilic treatment plant was

designed using this figure.
L.h.5 Waste Treatment System

A flow chart for the treatment system is shown in
Figure 12. . For the Port Alberni operation six fermenters are‘used,
arranged in two banks of three eaéh. Each fermenter has a capacity
of 1,000 gallons making the total capacity 6,000 gallons. The
fermenters are all made from fibreglass with a one-inch thick layer
of urethane for insﬁ]ation. Detention time is fivé to.six.days

which will ensure an acceptable level of pathogen kill. The complete
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Dry Feed
lWaste Productﬁ

Eﬁb. Flush Tanks
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’FIGURE 12 FLOW CHART 'FOR COMMERCIAL
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treatment plant is.shown. in Figure.13. Some minor differences mayL
exist between theﬁdrawing‘andathefactﬁal installation.. The supply
tank has been replaced by'thé'sump which is increasedvin‘size'and
placed Qndergroﬁnd. Also.aeration of the ferméntefs‘is.accomplished
by spargers placed in.the bottom of.the fermenters; these are not
shown in the diagram,Eigure:1h is a photograph of one of these large
fermenters showing its relative Sizé?' The mixers for these new
fermenters are driven by.5 H.P. motors and are of the same general
design as those'descriﬁéd earlier in thiS'papér..'The shafts and
propellers are balanced to.prevent éxcessive vibration and prematuré
bearing failure. As can be seen in Figﬁrés 13 and 14, the tops of
these large fermenters are not open'tb the atmosphere as they are
with the smaller tanks at U.B.C. Baffles are used to aid in the
mi*ing and are placed .in the same position as they are in the smaller
U.B.C. tanks. |

Compressed air for each fermenter is supplied by a
single compressor located in the control house. Each fermenter is
equipped with an airflow valve for controlling the amounE of air
flowing through the sparger. Thermocouples are mounted in each
fermenter in order to monitor the temperature of the contents during
fermentation.

A1l the main control boxes for the pumps,mixers and
compressor are loéated-in the control shed. Northern Purification
Systems Ltd., the company which manufactured the férménters, also
supplied all of the necéssary piping, pumps, electrical jﬁnction

boxes, compressor airlines etc. as a package installation.
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FIGURE 13 IS IN BACK POCKET
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FIGURE:14 - 1000 GALLON FERMENTER



A standby electrical generator is.also provided in case of power
failure.

Once the plant is in opération and steady state
conditions have been reached an éstimated total of 1,117 .gallons
of wasté per day will be pumped into the first fermenter of eacH
bank. This will cause:.an éqUal'amount of slurry to flow from the
first fermenter to the second, from thé sécond to the third
and from the third fermenter to the product tank. Baffleé are
used to prevent the frésh'WaSte‘from flowing straight through into
the product tank. The.flow from oné fermenter to the next is aided
by gravity since the outlet.from each fermenter is one inch higher
than the inlet to the adjacent fermenter. The liquid which flows
into the product tank will .be recycled to the animals as a replacement

for water. Table V shows the Daily Water Requirements for swine.

Table V. Daily Water Requirement per Animal%*
Body Weight.(1b) .. . .. , Amperial Gallons. .. ..
30 ‘ .50
' 60-80 ’ .70 .
75-125 1.70 .
200-380 1.2-3.0 .
Pregnant Sows 3.0-3.7
ffLéCtatiDQISQWSf.ff‘ff,ff.ff.ff‘ffﬂffH;OfS:off .........

Manitoba Department of Agriculture - Hog Manﬂa].‘
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From these figures the total daily requirement for
the operation at Port:Alberni was calculated as follows."
A. Farrowing Barn.:

1. ~ Farrowing Area

60 sows @ 4.5 gallons ea. 270 gal.

2. Weiners

360 animals 4o-50 1bs. ea.@.60 gal. 216 gals.
B. Gestation Barn

1. Pregnant Sows

257 animals @ 3.5 gallons ea. 900 gals.

2. Boars
12 animals @ 4.5 gallons ea. . 54 gals.
Total: 1,440 gals.

The total water requirement of 1,440 gallons is more
than the daily production of 1,117 gallons of TPML therefore an
additiona1'323_gallons of water will be reqdired per day to meet

this requirement.



- 71

The TPML will be leaving the fermenter at a. temperature
Qf?60+650C. Thereforé;?béfOré‘being‘recyc]éd this product will have
to be cooled. The additional water required will help in this
respect ana‘a cooling:coil can be installed in.the prodﬁct tank
itself if hecéssary: “From . the prodﬁct tank the liquid is pumped to
froﬁghs located in,thé pens. Anyré*cess or spi]lagé falls into the
~gutters and is returnéd to:the.sﬁmp: At the time of writing, this
treatment systém was still under construction and development and
had not réached its full potential. Figﬁre 15 is a graph of one of
the preliminary fermentations that was carried out in the large
férmenters. For this fermentation thé férmenter was only two-thirds
full and there were repeated prob]éms with the air supply and mixers
due to an inadequate electrical circuit. However, even under these
adverse conditions a maximum temperatﬁre of 75°C was obtafned. This
indicates that thé capacity of the fermenter may be increased from
300 gallons to 1,000 gallons with no adverse effects. Subseguent
fermentations have been successfully carried out using these large

fermenters, however, no- further.data is available at this time.
k.5 Thermophilic Aerobic Fermentation of Lignocellulose
L.5.1 Introduction

The idea of using materials such as:wood as a feed
source for domestic animals is not new (Beckman, 1915; Haber landt

1915; and Honcamp, 1931). The literature in this area is extensive
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and has been covered in several review articles (Kitts and
Shelford 1968; KittS“éEjél;;']969;'Kitts and'KrishéamQrti'1976);

The primé‘dbstacle in using wood or wood by-prodﬁcts
is,thé éhémical complexity of the relationship between lignin and
' cel]ulose.(Hﬁffman'égggl:, 1971). Fréé céllﬂlose can be utilized
by'ﬁuminant animals as a feed source becausé of the microbial
population present in.the rumén, another possibility would bé
microbial fermentation of the cellﬁlose into a product which could
be used by monogastric-animals (Elgee 1975). Thermophilic organisms,
both anaerobic spécies and aerobic species, are capable of
decomposing cellulose (Gaﬁghran?19h7; Ke]]érman and McBeth 1912;
and Murray 1944), but beforé this can take place the lignin must
Se removed (Poincelot and Day 1973).

Clarke (1938) described the relationship between

cellulose and lignin as being similar to a reinforced concrete wall
where the cellulose fibres are the réinforcing rods and the lignin
and other constituents represent the concrete. Lignin occurs in
plants éhiefiy as lignocellulose (Crampton and Maynard 1935).
The chemistry and biochemistry of lignin and its breakdown is an
ektensive subject and will not be covered here. For a complete
discussion of this subject the réader is referréd to the following
sources: Sarkanen and Ludwig 1971; Freudenbérg and Neish 1968;
Pearl 1967; Brown 1966; Schubert 1965 and Brauns and Braﬁns 1960.

To-date most methods for the removal of lignin have

involved strong chemicals such as an alkali solution under conditions
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of high temperatures and-pressurés (Swan and Lewis 1975), -physical
reduction in sizé“(Déhorityzaﬁd Johnéon 1961) or Qsé‘of gamma
radiation (Hﬁfmann’éij§13"197l).

Thé usé of .thermophilic bactéria for.thé removal of .
lignin and subsequént ﬁtiTization‘of the free céllﬁlosé is another
possibility (Sﬁrucﬁ 1975) .- Thé first stép to investigate this
possibility would be to determine whether or not the thermophilic
bacteria could Qtilize‘a.lignocellulosic sﬁbstraté‘sﬁch és wéod

as an energy source for growth and development.
L.5.2 Materials and Methods

A population of thermophilic ba;teria was established
~utilizing hog waste as the substraté in one of thé ferménters at
U.B.C.'s Thermophilic Unit. Once temperatures in the thermophilic
range had been reached and maintained for a period of ten days
additional hog waste solids were added to the fermenter. This was
to ensure that a supply of nﬁtrients would be available during the
introdﬁction of the ligﬁoce]lulosé. Alder saplings from a brushy
area adjacent to thé Swine Unit at U.B.C. wére Qsed as a source of
lignocellulose. Thé alder saplings were shreddéd by a small,
portable shreddér—composter.* " This machine procésséd thé saplings
into a shrédded material thé individual partic]és of which wére
smaller than one-half by oné—half by foﬁr millimétefs. Two days
latér.thréé kilograms of shréddéd.aldér‘wére added toithé‘fermenter

and over the next one-hundred and eighteen days a total of'TOO

e
«

Amerind McKissic '"Mighty Mac'" shredder-composter.
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kilograms of the shredded material were added. No further
additions of hog waste solids were:made. .All of the alder used
was not shredded at the same time, it was prepared as required

throughout the experiment..
L.5.3  Results.and Discussion

To déterminé-if.thé'popﬁlation of thérmophilés in
the férméntér was able to:utilize the aldér a daily fécord of thé
fermenter temperature was képt (F]guré 16). These résults indicate
that the thermophilic bacteria in thé fermenter were able to use the
alder as a nutrient source. Whether o; not the thermophilic bacteria
were able to degrade the lignin and free the cellﬁlose for further
fermentation can not be decidéd from these résﬁlts. The purpose
of this experiment was to determine if the thermophilic bactéria
which develop during fermentation of.hog wastes are able to use a
lignocellulosic material as a nutrient source. It appears that this
is quite possib]é. Fﬁrther research is needed to detérmine which
constituents of the wood are being utilized by these bacteria. Sampies
taken near the end of the fermentation were analyzed for crﬁde-
protein by Kjeldahl analysis. The resﬁlts are shown in Table VI
on avdry matter basis avéraged over nine samples thé crﬁde
protein level was 24.81%. =~ However, some doubt exists
as to whéthér or not Kjéldah] analysés of sampléé’containing wood

particles gives a meaningful value of the crude protein level in
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"Table VI.

Sample % Protein D.M.

1-A-1 25.30

1-A-2 24 .35

1-A-3 25.06

1-A-4 26.10

1-A-5 24.80

1-A-1 2415

1-A-2 24,23

.

1-A-4 - —mee-

1-A-5 23.65

1-A-6 25.66 % Crude Fibre % D.M
Average 24,81 , )
Alder Shreds 1.56% 76.4% 56.6%

-/l -



the sample (Coulthard personal communication). Therefore, the
value of the final product1of,thé?fermentation as-a IiQéstock

feéd is not known: Reséérch in théSé areas is cﬁrrent]y being
carried out at U.B.C. involving.alder sawdﬁst as a nﬁtrient
soﬁrcé.for.thérmophilic férméntation and sﬁbséquént incorporation
of the product into livestock rations; This résearch has not been
complétéd as yet. Théréforé,,the résﬁlts aré not availablé,for

further discussion.
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5.0 SUMMARY AND CONCLUSIONS

The major findings of the preceding set of experiments
can be summarized as follows:
/ i. The heat required - for Aaintenance‘of the temperature
in the thermophilic range comes solely from microbial
‘action. Agitation and aeration\have no significant
effect on the amohnt of heat required to maintain
the temperature of the slurry.

ii. The product from Thermophilic fermentation of swine
waste can be fed in a liquid form to animals older
than 28 days of age with no defrimenta] effects.

iii. The capacity of the fermenters can be increased to
],OOO_gallo;s with no detrimental effect on the
activity of the thermophilic bacteria.

iv. Shredded alder can be used by thermophilic bacteria

as a nutrient source.
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6.0 - SUGGESTIONS FOR FUTURE RESEARCH

Based on the results from these experiments, and

observations made during the course of the study, the following

areas for future research are suggested:

'

Feeding trials with older animals to investigate
the possibility that they are better able to utilize
the available nutrients!

Further experiments in the area of lignocellglose
fermentation to determine if thermophilic bacteria
can decompose lignin.

Expérimentation to determine the yield and quality
of single cell protein from wood.

Investigations into u§ing other organic wasté
materials e.g. cannery and packing plant wastes

as a substraté for thermophilic bacteria.

The possible use of the heat produced during a

fermentation for heating purposes.
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