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PILOT PLANT PRODUCTION OF [IETHANE BY ANATROBIC
FERMENTATION OF PEAR WASTE
1
INTRODUCTION

The preparation of pears for processing in
commercial canneries produces large anounts of vaste,
the disposal of which is becoming an inereasingly acute
problen. 8Stream pollution fror dumped waste not only
preduces undesirable odors, but depleten the dissolved
oxygen of the stiream belew requirements necessary to
support fish and @ther-aquaﬁio life.

In the hope of relieving thic pressing need,
the fellowing experiments were initiated and developed,
not only with this im mind, but also, anticipating the
ultimate, more vailuable, goal of by~product utilization.

By~product utilization ies an o0ld and very
profitable story in the meat imndustry, but, as yet, has
received comparatively Iitﬁle attention in the food
procesging industries. ?ﬁe seasonal nature of the edn-
ning industry tends to discourage the investment of the
time and woney that would be required to develop an
adequate disposal and/er utilization method. Then, tao,
the perishable nature of the material precludes any
hold-over from the busy to the slack season; it must be

hafidled immediately.



There are several ways of treating the waste
in order to recover useful by-products, such as ethyl
alechol, animal feeds, and fertilizers. It would appear,
however, that the adaptation and improvement of a reli.
able, existing method of sevage treatment offers the
greatest opportunity, first, for the adequate decomposiw
tion of organic matter to make possible its disposal
without nulsance or stream pollutiom, and second, for the
produetion éf'methane 10 be used as avécurce of power.

The study of the basic principles underlying
the continunous, successful production of methane from
carbohydrate material may eventually yisld an efficient
aethod for satisfying the requirements of the food procs

egsor for an operating fuel.
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REVIEW OF LITERATURE

Many investigators have concerned themselves
with the study of methane. A early aail?ﬁé, Velta ob=
gsorved the formation of am inflammadle gag in nature and
rightly concluded that it aroze from the decnmpo&itipn of
vegetable maberi&is. It was not, hgmevér, until} 1906
that the originvaf”methane was first clearly indicated by
the fundamental end important work of Sohngen. The
mothane-producing bacteria conmonly grov whersever organiec
substances are found im a suitable neutral (pH), mecist,
enaerobiec environment suochk as ia svamps, marshes, or
water«=logged soils, and in the digestive tracts of ani-
mals (eopecially ruminants). This property of the
methan¢~bactoria to decompose organic, and some inorganie,
matter was early adapted to the practical epplication of
sewage treatment, It is believwed, though, that the
decomposition of such complex substances as proteins and
carbohydrates is due %o %the action of & mixed micro-flora
and that the substirate for the methane-bagteria is varie
ous lower aleohols and velatile aclids, the relatively
simple products of such crude fermentations. The early

history of methane has deen carsfully revieved by
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Barker (2,3,8), and Stephenson {52), Kluyver and Schnellen
(89), and Thayer (54). For further information in the
field of anacrobic fermentation the roader is referred to
‘tha'aﬁmprahengrva reviews of the literature reported by |
Buswell, et al. (18), Harnik (29), and Lambrocht (40).

mieruerganisma. Comparatively 1ittle was
known about the meéethane baeteria before Barker's work,
vhich cemmenced about 1936 (2,3). This dearth of knowles
edge la due to propertics of this group of organisms
that make thé isolation and study iﬂ.para-calture very
difficult. The bacteria are strict anaerobeées which
infrequently form spores and are killed quite sasily
while being btransferred (3,52).

Barker (3) further presented a survey of the
nethane~producing organismns basecd on the descriplions
Whicﬂ vere then secattered throughout the literaturse. He
developed methods for obtaining highly purified cultures
of four different types of methane-preducing erganisme

whgch allowed the following @eaeriptioaea

Hethanosarcina methanica. Large spherical cells
eharacteristically grouped to form oubical sarcine
packéts. Permanently nomeaotile and non~cpores
forming., TFerments acetic and pessibly, also,
butyric acids with the production of mothane. Gran

variable.



]

Methanoooecus mazei. £mall ppherical cells vhich

- occur singly in small.g?omps, or in large, irregular
and somevhat slimy aggregates: Immotile and non-
spore~forming.. Gram variable: Attacke acetic and
butyrie acids, but not ethyl gmd butyl alcohols to
produce methane.

Methanobacterium sohngenif. Rodeshaped, permanently

immotile cells that are nonegpore«forming.. The rods
are charactoristically joined into long threads
uvhich lie parallel to one snother so ag to form
bundles. Ferments acetic and budyric acids but not
ethyl alcohol, to form methane. OGram negative..

Methancbacterium omelianskii. Thin, frequeatly

bent, immotile, non-gpors-~forming rods. Fermeénte
ethyl alcohol to acetic acid and butyl alcochol to
butyric acid with methsne formation. The same Ore
ganism probably also ferments butyrie acid to
acetic acid. Acetic acid iz probably not fermenmted.
Four years later (1940), Barker was the first
investigator to succeed in isolating in pure culture

Nethanobacterium omeliansckii, a specles of methane bac-

teria (7). Purity vas establiched by mieroscopic
exanination and by testing the culture for contaminents
both anagrebically and aerobically. In light of cubsew
quent vork with pure cultures, the morpholegical
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deseription vas changed. The organism was found to be &
thin, feeobly motile, Gram-varieble rod. Spores are
formed, that withstand exposure to air, but have relae
tively 1ittle rosistance to heat. In 1947, Kluyver and
Schnellen (39) reported the isolation of two specice of
methanewproducing bacteria for which they proposed the

names of Methanosarcina barkerii and lethansbaeterium

formicicum, fThe former was able to ferment methyl alcow

hol and the latter, sodium formate. These new species
are able to convert a mixture of carbon dioxide and
hydrogen to methsne and water, Thic review bdbringe the
1ist of known specics isolated in pure eulture up to
date.

) of the lethane Feraentation.

There has been considerable evidence advanced by Barker
supporting tlhe theory first proposed by van Wisl thet
mothane is formed by thée direct reduction of carbon
dioxide. Three possible mechanisms for the fermentatien
of acetic acid have been suggested, dut net proved, by
past investigations: (1) Decomposition of acetic acid

to hydrogen and ¢arbon dioxide with subsequent reduction
-@f*carbén dioxide to methane (20); (8) direct reduction
of ¢arbon dioxide to methane (2); (8) Buswell and Neave's
proposal of simple diparboxylation (15,20).
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In eriticism of the first theory, Busuell and
Sollo (20) beliove that the low concentration of hydro-
gen in the gas, resulting from the fermentation, is evie
dence againet this méchanism. The second theory has been
held in higher faver sinmce, until recently, all the
available evidence pointed to the feasibility of the
direct roduction of carbon dioxide to mothane. In recent
years, however, the availability of radlocactive carbon
for experimental work has opened an entirely nev method
for testing ¢his theoretical mechanism. Buswell and Solle
(20} reasoned that if the carbon atom of the carbon
dioxide molecule were marked isotopicalily, then it should
be possible to settle the question. If either of the
mechanisms {nvolving reduction of carbon dioxide were
involved, then, by using labelled ¢arbon dioxide, the
resulting methane chounld be similariy marked. These
authors used small (15 ml.) inocula from an a@ﬁive cule
ture vhieh had previaualy‘been.féﬂmamﬁing acetic acid.
To this Znogula vas added radivactive sodium carbonate
and acebic acid. The carbon dioxide of the gas produced
vas absorbed and the remaining methane was oxigized to
carvon dioxide and water. This carbon dioxide wvas pre-
eipitated as barium calibonate and the radiocactivity was

doternined. The results shoued that the specific activity
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of the methane collected was only approeximately 1/200th
that of the carben dioxide. It was them concluded that
the methane was produced mainly from the acetic acid fed
to the culturc snd only to a slight extent from the cap-
bon diexide. This experimont..."indicates that the meth-
ang is produced by scme mechanism other than the
reduction of carbon dioxide, and must therefore be
derived from acetie acid. A simple decarboxylation
seems to be the mest likely mechanism, but ie not defi~
Ritely established. It is still possible that scme
preliminary condensation might take place, with subse«
guent. decomposition of the condensation product, but this
point cannot be proved by this method of attack.® (20)

Barker and Stadtman (51) repeated and extonded
the exporiments of Buswell and Sollo to obiain similar
resulte for the fermentation of aecetic acid, The results
‘obtained for the fermentation of ethyl alcohol by a pure

euiture of Methanobacterium omeiiansikii, houever, showed

conclusively that the methane resulted almost entirely
from earbon dioxide. These authors attemp%~to £it the
results of tracer experiments into tYhe carbon dioxide
reduction theory by ascuming that thore is a common

intermediate (X) im the conversion of both carbon dioxide



and acetic acid to methane in this way:

caéecen\\\\\
GO

‘ The small utilization of carbon dloxide during
acetate fermentation is explained simply by assuming fur-
ther that the formation of compound X from carbon dioxide
is largely blocked by a product of acetate decomposition.

This third theory, that of simple decarboxyla-
tion, soems consistent with the experimental facts found.
Barker and Stadtman (51) apparently base their objection
to this explanation in the fact that v...it seems unilikely
| that useful chemical energy can be obtalned by.living
organisms from any proecess, such as simple decarboxyla~-
tion, that consists only ¢f a rearrangement of the atomo
within a single molecule.®

Permentation of Industrial Wastes. The canning

industrios have been rather slow in taking care of their
oun wastes. This has not besen true though for a number
of ¢loscly allied food processers such as a few large
companies im the dairy and meat packing industries. The
experimental work carried on with these wastes have been
rovieued by Lambrecht (40). In recent years, other indus-

tries have followed this lead. In 1948, Singleton (50)
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published recults of pilot plant studies on the anaerobic
digestion of wool scouring wastes. This investigator re-
ported that the pilot plant was operated over a three-
weel period with a loading of 0.06 pounds (Gry weight) of
volatile matter per cuble foot per day with a yisld of
8.8 to 14 cublc feet of gac per pound of volatile matter.
added, In this same year (1948) Buswell and Sollo (21)
published the results of their preliminary laboratory
experiments on the methane fermentation of fiber-board
wasbe. On the basis of these laboratory results, they
proposed plans for a 400,000 cubic foot fiber-board waste
treatment plant. |
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OUTLINE CF PROCEDURE

The preliminary laboratory studies conéducted in
small carboy digestors indicated definitely that this
vagde, high in carbohydrate material, could be fermented
to produce methane gae. Even though many of the basic
conditions of the wechanism of methane production were
lefs umseive&, the practical conditions leading to the
establ ishmnent and maintenance of an aetive micro-flora
were determined. JXn view of this, and considering the
pressing necd for a system of waste disposal, it was doe
cided to advance directly from these preliminary laborae
tory studies to an operation on a pilot plant level.
Aside from the gensrally well knoun regquirement for
strict anaerobiec conditions, other factors which influe-
enced the farmentaticn.ag indicated in the preliminary
tests were: amount of sediment, agitation, and rate of
feeding. Further intensive study of these factors, on a
pilot plant scale, might well be made.

Designs wers dravn up for the comstruction of
a2 150 mallon pilot plant incerporating these features
believed neccessary for the efficient fermentation of pear

vaste (Figure 1). Those designs were followed in the
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construction of this plant, the doteils of which are
given later, in the chapter on experimental squipmont.

It was planned to put this digester into opere
ation and to build up an active eulturs with the came
dried poar waste used in the laboratery studies, and with
the same micro~flora developed at that time and carried
aleng in the laboratory for such a purpese. In addition
it was planncd to operate several continuous test rups
over intervals of several months to obtain valunable data
on the actual management of the pilot plant during active
fermentation. Theese data were to include total gas pro=-
duction, composition of this gas, pH, and volatile acids,
Additional oxperimental work invelved ¢he staining of
slides to show the microorganisms involved, and the perie
odic analysis of the digosted material for redueing
sugars, total solids, total ecarbon, nitrogen, and bioe
chemical oxygen demand (B.0.D.).

After thess data were obtained, it was planned
to study the effect of interrupted feeding, reduection in
temperature of the fermentation from optimum te room
tomperature, and subsequent re~egtablishment of active
gas production with a minimum lag peried. As interrup-
tions may oceur at times in the normal operation of food
processing plants, this knowledge was considered of im-
portance in establishing the practicebility of this

fornentation.
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EXPERINENTAL WORK

Haterials. Dehydrated pear waste was prepared
for use in the prelinminary oxperiments by the Valley
Evaporating Coupany, Yakima, Washington. This material
wag used in experinents one and tvo to build uwp an active
culture during the initial stages of the pilet plant
operation. Later, fresh pear wagste was used. This was
obtained from Reid Hurdoch and Company of Salem, Grégon.
and Western Oregon Packing Company, Corvallis, Oregon.
this fruit wasto wag finely ground, packed into 30 pound
tins, and placed in storage at 0° F. until moeded.

The eomposition of the dried pear waste used is
shown in Table 1. This analysis was made by the Agricule
tural Chemistry Departmont, Oregon Agriswultural Experimenﬁ
Stati@m.-@@rvalliég QOregon, and rgﬁarted by tambr@chtf
(40, p.18). The &aalysisf@f'freem pears vag obtained from
the bdbulletin "Proximate Composition of Fresh Fruitst (23).

Table )

Analysisc of Pear Waste

bried pears Presh pears

moiatur@...... o9 o e 00000 OO 204 . @3 - 65
Car@ohyﬁra‘be.. 9000000000000 65'0 8 - 12
Fibe?‘ooo....‘..o.......-'..._... 3405 102 - 1.8
?!‘Oteln.......o...-.r.......... 3.9 0.2 Rad 005
Fat..........’..._.........‘.... 1.9 001 - 007
AShoooooooooooooo-ooooo.ooaoo 204 @.3 0-9'{7
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Source of Inocula. The contents of a 20 liter
leboratory fermenter which had been allowed to beeceme in-
adgtive and to stand at room temperature for two wmonths
was used as a source of inccula.

Enrichment [lediuwm. The enrichment medium used

to start the fermentation was a slight nodification of
that developed by Barker (3), and later improved by
Heukelekian and Heinemann (34). It concisted of:

Per cent Grame for 600
o liters of medium

I‘JH G‘looomv&ooooacc OQ;’ 600
Kg 04_0000@0000000 0.01 60
M@lao o000 e scesess O.G@ 24@
‘23&25 Qﬁaﬂo ssesecee 00‘01 60
magcago 00esescsssss 6002 120‘

The various components were mixed with tap
water and mads up to a total volume of 600 literz. The
tank was fillled to capacity with this medium. There was
no need to adjust the pH as it was found very clese to 7.0.
Hoeukelekian and Heinemann reportod that the addition of
yeast extract inoreased the rate of growth of the methane=-
produeing organisms in culture media, The godium sulfide
aided in maintalning anaerobic conditions bvhremoviné
traces of disseclved oxygen. Evidence of this was shoun
by the fact that the Winkler TPest for dissolved oxygen

{1, p.127) gave a negative result aftor the medium was
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prepared for inoculaticn. The addition of sodium carben=~
ate acted as o source of carbon dioxide whieh was be-

lieved necessary to start the fermentation.

Analytical lethods. The composition of the gas

wag determined with an Orsat apparatus. The procedure as
given in the Fisher gas analysis Wanual was used for dew
termining various components (41).

Volatile acids vere determined by the method
given in the Standard Methods for Txamination of Vater
and Sevage (1, p. 218). This consisted of adding 2.5 ul.
of sulfuric acid t¢ a sample of §0 ul. of the supernatant
fluid withdrawn from the well agitated ocontents of the
formenter. The volume of this sample‘mas\th@n,iner@ased
to 200 ml. with distilled water, and the solution was
then distilled slowly until 180 ml. of distillate was
collected. The distillate was titrated with o.1 normal
sodium hydroxide, using phenolphthalein ag the indicator,
to the first pink coloration which disappeared on stand-
ing a short vhile due to gbsorption of carbon dioxide.
Volatile acids deterained in this manner are expressed
ag acetic acid.

VMeasurements of pH were made electrometrically
using a Coleman pH electrometer. It should be noted here

that the pH of the supernatant liquid dopended to some
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oxtent on tho carbon dioxide equilibriuniz, and steps were
taken %o prevent loss of carbon dioxide while the pH wae
being detoermined. That is, the solution was cooled rap-
fdly end the pH detormined immediately.

Reducing sugers were deteruined by a modifica-
tion of the Shaffer-Somoygi method (Bl).

& modification of Guaning's Kjeldahl procedure
wvas used for the total nitrogen determination, The ammoe
nia was distilled into borie acid solution and titrated
directly with /14 sulfuric acid.

Total carbom was delermined by combustion with
oxygeama& 950% ¢. The carbon dioxide evolved by this
combugtion vag absorbed in Ascarite towers and weighod,.
The samples¢ were first measured into poreclain boats,
dried at 809 C., and covered with 10 to 20 mesh Alfrax
before introduction into the combustion tube.

Total solids were determined by evaporating
25 ml. samples to constant weight at 108° ¢.

The standard prosedure was followed for the
determination of B.0.D. values (1, p. 139).

‘Dosign of Experimentsl Pilct Plant. The ini-

tial studies leeding to the design and construction of
the pilot plant were set up on a laboratory scale, first

vith five-liter and later with twenty-litey ¢arboys as
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the digestors (40). These prelisinary laboratory studies
denenstrated the feagibility of this type of fermentation,
but operations werec not on a scale large enough to permit
reliable evaluation ¢f the cost and problems invelved in
handling and fermenting fresh waste material.

To permit operation on a more practical basgis,
the present plant wae constructed. It coneists of a 150
gallon stainless steel tank, approximately five foet in
height by three feet in dianster, cylindrical, with a
round bottom. (Pigures 2, 3, and 4.) There are five out~
lets on the tanlk for circulation of the contents « two
on each side and one in the center of the bottom. A
valve is connected 1o thip bottom outlet to permit sludge
withdraval and, if necessary, drainage of the tank. The
pipe for this circulation is one-inch stainless steecl of
the type commonly used in dairy plents, with a stainless
steel centrifugal pump powsred by a one~quarter-horsepouer
electric motor. Contact with copper was reduced to a
minigun as copper is knoun to be toxic to the mieroorgan=~
isme involved in this fermentation., A few copper fittings
were unayoidable but later analysis of the tank contents
revealed less than 4 p.p.me. coOpper. The piping is sc
arranged as to allow the tank contents to be pumped from

one side to the other, from the bottom to the mid«level,



FIGURE 2. Pilot Plant used in the Anaerobic Fermehtation of
Pear Waste.



Slde View of Pilot Plant.

FIGURE 3.



FIGURE 4. Front View of Pilot Plant Showing Control Pzanel.
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or from the top or center tc the bottom. This £lexibility
seenod desirable in order to determine vhether eirgulation
of the entire contenits of the tank improved the efficiency
of the fermentation o whether it was better to leave the
sludge bod undisturbed. Attached to one of the top outw
Iots is o trapped overflow to maintain the contents at a
congtant level., Sealed to the tank by means of a rubber
gasket and C-tlemps is g flat 114 with twe epemings. The
small opening near the edge pormits the entrance of the
control elements of o thermorecgulstor, & recording there
mometor, and a visual thermometer, while the larger one in
the ¢enter is surrounded by a vater moat. Covering this
center hole is a standard laboratory bell jar with rubber
tubing attached to the top for gas draw-off, The waler
moat forms a seal and allous the removal of the bell jar
for ingpection purposes.

The tank iz heated externally by the application
to ite lower half of epproximately 100 feel of solle
heating cable. This is divided into two equal sections
of 50 feot each of which one scction is connected directly
" to & 110 volt outlet and remains heating continuounsly,
and the other is controlled by a lierceset thermoregulator
with a sensitivity of one-half degree F. Eatirely surs

rounding the sides and top of the tank are batts of
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Johns-Manville reck wool of approximately two inches
thickness. It was foumnd that without this insulatiqﬁ,
the hseat loss was too great to permit maintenance of the
thermophilic temperature of 131° F. (55% C.) when these
experinents were started.

The gas resulting from the fermentation colleects
in the bell Jar; pacsee firet through a moisture trap, and
then through a "Precision® Vet Test gas meter, and finally
is piped outside the bullding, whers it is dissipated into
the air. The temperature is maintained by thermostatie
control, is contihu@nsly recorded, and seldom varies by
nore than pilus or minue three degreoes TF.

Recently'installed on the tank is an automatic
feeding devico that iIntermittently meters into the tank
designated amounts of cannery waste material. We were
foreed to use this deviee by the complete lack of commers
cial pumps that céuld handle the ground waste material on
the small scale required. This feeding system (ag illuse
trated in Pigure 8) coneists of a plunger that moves up
and dovn in a graduated cylinder, seating, at the.@md of
eachléownwar& stroke, into a rubber cup which in tarn
eonngétg with the feed line. This feed line enters the
circulation system on the suction side of the‘eenﬁrifugal

pump. Bach time the automatic timer engages thé awitéh.



FIGURE 5. Detail View of Feeding Device, Trapped Overflow,
and Gas-Collecting Dome.
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turning on the circuiatiom.pump. it alkso activates the
solenoid to release the weight that moves the plunger back
to the top of its stroke. The plunger descends with the
feed material and cuts off the feed at the end of its
stroke by again seating into the rubber cup. This alloews
a definite amount of material to cater the tank with each
¢circulation eycle. However, when this feeding system was
put into actual operation, il was found somewhat unrelie-
able, and efforts are being made to secure a positive
action purip that will handle the cannery waste at the rate
of foeding required. It must be noted here that this is
strictly a pilet plant problem and would cause no concern
on a commercial scale.

The tank centents are agltated regularly by
cireulation governed by a Paragon automatlc timing ine
struncnt attached to the centrifugal pump. This timer
cam‘be‘set to‘turn‘%he_pump on for O to 12 minutes out of
every one-half hour, or from O to 85 minutes out of every
“hour. In most of our experimental werk the timer has
been cet to turn the pump on for about five minmntes out

of every one~half hour.
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Pilot Plant Fermentation Experiments with Dried

Pear Uaste. The fundamental characteristics of the opers

ations and the analytical procedures found necessary on
the laboratory scale were followsd in the management of
the pilot plant.

The 150 gallon fermenter was filled with the
enrichment medium and buffered to a pH of 7.1. Then 0.01
per cent of sodium sulfide vas added to remove traces of
‘dispolved oxygen, following which 80 pounds of the cone
tents of a laboratory fermenter was added.

The temperature was raised to'aéﬁfF; and the
foeding of dried pear waste was started. CQareful control
of this feeding during the early period resulted in the
development of a satisfactory culture within 11 days.

The pH of the tank contents was carcfully maintained vwithe
in @ range of 6.8 to 7.4 by the frequent additions of
lime. However, on the following two days this addition

of lime resulted in almost complcte cessation of gas pro-
duction which during the next five days could not be
revived (Figure 6, Table II). This secemed very unusual
as the amount of lime added did not appear to be oxcess
sive. |

Recent work (48) gives supporting evidence that

the use of lime in methane fermentation is not geod



CUBIC FEET
o
PERGENT

¥ 3

100 2000

80 [ o 1600
7 Y :
, No—-— o :
60 . \o\//o——o 1200 &
volatile acids a
40 800
/o/' total gas
20 | . 400
./0"*—0f""'
Ve
e 7Y
0 2 q 6 8 10 12 |4 16
DAY S

FIGURE 6, gfgeit gf Lime in Maintaining the pH within the Range of
o o] odo

L3



Effect of Lime in maimainmg the pH

TABLE II
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practice. Sechlenz (48) etates that the action of lime
tends te produce o highly ionized condition eausing tho
reaction to go st?éngky to the aeetato, upon which the
bacteria eannot work. He sxpressed the belief that the
universal practice of rosorting Lo the use of limé'to
correet @ lovu pH doog nore damage than good. Buswell and
g8olie (21) s&a%e.%hat..Qﬂinéiscrtminate addition of alltae
line materials causes the production of volatile acide to
ihareaéea-gr; more lilkely, it retards thair'éecﬁmp@&iﬁ&gn
to mothane and carbon dionide, thus aggravating an ale
reagdy unfaverable condition instead of alleviating it.®
This effeet of liue epparcatly varies with the character
of thoe wasto material and opeorating e@n@it&oﬁé; ag the
sub ject ie still controversial.

Thus, it vas finally decided to romeve the one
tire contents of the fermenter and te start the tank
anetv. Dotailed results of this first experiment are
given in Pable II and presented graphieally in Figure 8.

The fermentor vag ohée again fiiled with the
enri@hﬁenﬁ noding as explainéd in oxperiment ono and
reinsculated with 85 pounds of active cludge material
vhich had boon caved for such an emeﬁgeney. An agtive
culture wag dbuilt wp following provious procedures,

oxeept that the addition of lime fer maintaining ¢the pH
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within a spegifie ronge was eliminated. Phe deta ob-
tained in this oxperiment is shoun graphieally im
Pigure 7 and summarized in Table IIX, The pH vas still
deternined as 4 routine proecedure, but ncrait@mp%)was made
to maintain any speeific value. Instead, the feecding of
the dried peoar uaste vwas contrélled as asuch. ap possible
Sehlonz (48). The recording of the pH was continucd
mainly to oee if there was any correlation with the vol-
atile seid concontration. Refercnce to Figure 7 will
show that there ¢1id not seca %0 be any corrclation detueen
the tro. |

It §= asually’ﬁhawgh%’hy pperators of eity sovage
digestion plants that any serious upséet in the h@ﬁ%é&
nicro-~flora 6f a fermentation results in a loss of gas
production fer a period of several weeks é?fevan~mo§tha.
Results obtained in this experimont are ﬁgt-ﬁn.a@cefé with
this view, as géds p?@@ucmi@n'sﬁar%@@ aldiost immediatoly
and pese to ever 12 émbi@ feot per day by the 14th day.
The volatile aclds, however, incrsascd rapidly o approach
2000 p.p.m. and fecding was interrupted besause of this
high eoncentration., Previous cxperiments om & laberatory
poale (46)yeaaé@baraﬁad Sehlenzts viou that 2000 p.p.me
volatile acids (expressed as acetic) ehould not bo

execeded.
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Ancercbic Fermentation of Dried Psar Waste. Enriche
ment Mediun Initially Used. HNo addition of Lime for the
Maintenance of a Specific pH Renge. Tomperature, 86¢ F.

Time pE Volatile Dried Pear Dally Prod 'éﬁé 46&2#
in Acids  Waote added &

Bage  Repel: gramg_ gd. fhe jéf
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8.0 1087 600 2,40 Bed 57.2
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6.1 1387 600 3.21 60.6 43.5
oes 6@3 . 2.69 43.1 64.8
1327 600 5,39 43.7 52.9
“903 $00 6 .66 46.5 52,0
1141 600 ?.oo 47.3 8046
1201 31200 11. Qs 5&.6‘ 42.
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Pime
in

Acids

pR Volatile Dried Pecar

Waste Added

3_82- £
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. ? 7
8
79
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82
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g9
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During the next 26 days the volatile acids
slowly decreased, vhile the gas production remained prace
tieally nil. But tho composition of the gao changed from
approximaﬁely ong~half carbon dioxide ant one-half methane
to approximately 85 per eent carbon &i@xidé and 75 per ceant
methane. fear tho 40th day the ges produstion started to6
increase and the volatile acide to docreace rapialy &0
that by the 80th day econditions seemed satisfactery for a
continuation of foeding. These conditione were: a pH
close to 7.0} an increace in gas production; and a volaw
tile acia e@nﬁemtvazieﬂ‘naar'éﬁe pep.2. Bince it was
evidont that a balanced micro-flora had been ectablished,
feedtmg'was started and continued from the 50th day
through the 130th day. 'Aﬁ that time the volatilé'acida
had again risen to over 2000 p.p.m., and the gas produce
tion had dropped to below five cuble fest par-d@y;»taain
cating that conditions within the fermenter were not
favorable for the mieroorganisme to perforam at maximum
capacity. 4ll attecmpte to bring the culture back te
active gas production fatled during the next 30 days.
Th@refafe, the feeding was again stappsdg the tomperature
of the tank was kept ab 86% F., the agitation of the tank
contents was continued at 5 minuntes out of every 30 ain-
utes, and the culture was allowed to "rest® for a period

of one week.
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Pilot Plant Fermentation Experdiments uith Prech

Pear Uaste. Aftor thic "rest® period of ome weoek, there

was no apparent decrease inm the volatile acid concentra~
tion. It vas decided at this time to make a radieal
change in the routine manegement of the fermenter and to
elevate tho temperature into the thermophilie range in an
effort to re-establish active gas production. This was
dene by supplenenting, temporarily, the normal heating
gysten with the use of live steam to bring the teupera=
ture of the %a@k‘cenéeats te IB1° F.

At this higher tecaperature, the dally gas pro-
- duetion and the velatile aeild concentration remained at
‘a constant level until after the 20th day (Tabl@‘ZV.
Figure 8). Imaediately after the 20th day the veolatile
acids begap to drop rapidly and the gas production to
inerease sharply. This indicated cloarly that condie-
tions had become favorable for the breakdomn of accumus
lated volatile acids to methane and carbon dioxide.
Apparently this conditfon had been induced mercly by
changing the tomperature froam 862 P. te 1319 P. By the
34th day the volatile acids had fallen Below 100 p.p.ti.
and the daily gae production had climbed to oclightly
over eight ocudbie fect. Thug, once again, an active

fermontation was cstablished and was subsequently
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TABLE IV

Anasrobic Permentation of Presh Pear Uaste.

of Change in Temperature from B86® F. to 151° F,

Effect

Time pH Volatile [Iresh Paar TaXly Prod,
Taste Added
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CGag Proguction

Tine pH Volatile Frosh Pear Dakly Prod. “COg  GHg
in Aeids Waste Added

day (=N Eo_ E Uy E@uﬂ&g ou o fto ‘ﬁ; K-‘

&1 6.8 309 6 10,29 52.3 42.78
42 6.8 345 6 9436 58.0 37.0a
43 6.8 326 8 14.45 47.5 47.50
48 6 75 326 153 10,90 43.0 52.0a
51 6.7 852 4 11,51 47.2 47.8a
82  6.75 300 8 ———— 42.4 B2.6a
83 6.7 266 4 11,43 43.8 51.2a
54 6.6 g9 8 14.04 41.5 53.5a
85 6.7 343 8 14.37 41.0 54.0a
58 6.6 343 8 14.25 45.0 £0.0a
59 6.5 257 8 14.24 45.5 51.5a
61 6.5 326 4 13.29 44.0 51.0a
62 6.5 350 8 13.88 46.5 48,5a
83 .2 42% 8 12,97 49.5 48.5a
64 6.4 800 8 12.5¢ 60.0 45.0a
67 6.3 aos none 20.94 52.8 42.2a

% Por cont by voluma.

a Calculated by difference assuning carbon diexide plus

methane equal te 95 per cent by voluns.
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maintained at efficicont gas production for a period of
slighdly over onc month beforec the voelatile scids again
begar to build up encugh to eause a drop in gas produc-
tion. It 13 not olear why the methane~bacteria should
pocome active in the face of the high concentration of
volatile acid at the dbeglnalng of the esperiment, yet be
ceuppressed by a comparatively lov eorcentration of vola-
tile acids near the end of this experiment. At this time
it unfortunately became necessary o completely chut down
the fermenter and to move it 0 a place of storage for a
period of three monthe. During thic time the tank con-
tents remained undisturbed at a room temperature of
approximately 68° F.

Re-egtablishment of Active Fermentation after a

Shut-down Period. -This enforeced interruption of experi-

mental work afforded an opportunity to determine the
length of time required to bring the pilot plant back
inte aetive produstion after a shut-down period. This
knowledge is of very practical importance since the
commercial processer often has periods of interrupted
production during which timg &he source ¢f wagto material
is cut off.

As shoun in Table ¥, the first 33 days of whieh

are also ftllustrated graphically in Figure 9, there was
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TABLE V¥

44

_Anserobic Formontation of Prosh Psar Uaste at 1819 ¥,

Gas Proéwetiom

Time pH Volatile Fresh Pear Dally Prod. L0z  Gig
in acids Waste Added '
? 7 og 123 - o 408 ewn-
X 4? o 30 - e - o i i o -
& e @ %‘?@ - 0.8 3 O O e .
3 7.0 100 6 0.54 45.0
? . 7.0 1z 3 500 .5
& 68 146 3 3.-@3 4le4 53,0

9 6.9 218 3 G.B8 - 48.4 54.4

10 7.0 126 3 : "'2 .01 45.6 §58.0

35 s . n?' 1. 63 . S s

14 F.0 172 © 1.93 438.7 -55 8

16 6.0 216 s x 40.6 58.8

&0 e [ - 1.13 PRSP p—

21 6.7 _24@ - x.m 48.0

B4 6.2 165 & 12020 . B8

28 6.9 98 g 11.29 44,12 %1.8

26 8.9 86 - 6.91 Q.2 5429

31 6.6 266 & 1@.5@ &7.8 850.8

32 67 267 4] 10.18 46,5 4%9.0

33 67 260 8 10.45 48,4 47.0

Broalkk here of 9 dayo @nrimg which no feeding ool place.

but other conditionc remaincd the e ané.

846 7.0 127 6 e 376 61.0

55 Ge8 220 5 . 706’? 49 o8 4800
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TABLE V (continued)

) “Gas Proﬁctien

Time pH Volatile Fresh Pear

in 4cids Waste Added g W
&y T Pepefis pounds  eus fb. & ¥
88 6.5 396 3 9046 52,0 46.5
38 ——— N - 4. 13 - -
40 Tl oo - - 4 Y 13 <¢mp-- - %
44 6.6 326 6 11.89 52.0 45.5
47 - - v - .62 i
4& i qobe o0 i - - 6 062 it T e s e
49 7.0 197 6 6.62 82,5 63.0
S0 6.9 197 6 6.35 85.0 58.0
B1 67 172 6 '7. 68 43 oﬂ '.47 .,'8-
84 6 .8 172 g '13. 80 39. 4 56 o5
57 6.7 208 6 8.7l .53_..@ @7.@
88 5.?‘ 295 6 £.03 49.0 43.0

] 7.84 Bl.S 44.0

59 6.7 317

% Per cont by volume.
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no apparent lag in ro-cstablishing active gas production
aftor normal operating conditions were resumed. Thie
experiment was continued for a peried of approximately
tuwo months with the game plan for collecting and tabue
lating data belng used as was followed in the previous
experiments. Oné fault %0 Be noted in theéso data is the
lack of a unifera, ¢onstant rate of feeding.

Experinents mith.cdatﬁnuéﬁa_seéaing. Results

of expariments to date soem to tndicate that tho brealke
down ¢f pear waste is due t@vthé action of mixed culturse
of microorganisms in this way: first, one group of
anaerobiec bacteria breaks doun the carbohydrate material
into various lower aledhols ané volatile acids; sccond,
the methane baeteria convert these alcohols and acids to
methane and water. The exact mechanism of the produetion
of methane is still unsolved, but the role these acids
play in this mechaniem is not merely academic (20, 51).
Resulte of these, and other (13, 16, 18, 19), experiments
clearly indicate that too high a concentration of these
acide inhibits theo action of the methane bacteria. If
gome means werea available to prevent their accumulation
above an arbitrary value of say 1000 p.p.m., then the

of ficiency of the methane fermentation would be improved.
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One méthcd of preventing this high concentra-
tion was thought %6 be the establichment of & slow,
eontinuous, or even an intermittent, foeding systom ine
stead of batch feeding. By this ﬁeth@&, it was hoped
that a balance of feecding conld be establiched to make
possible the breakdoun of the lower alcohols and volatile
acids to meothane, carbon dioxide, and water at the same
ratve at wvhich these intermedialo products were formed.
Use of continuous, slow fosdiny was ruled out as imprac-
ticable in view of the very small amounds of pear waste
necogsary on a 24-hour cycle. |

Therefors, conaiderabla effort and time were
exponded in the attompt to design and construct a siuple
feeding mechanisa that would iatroduce the weste meterial
into the tank at a slow, intermittent rato, The uso of
this deviee {Figure 8) resulted in an impr@vémemm of the
fooding system; the mechanien, hawgver.'waé:@om@wﬁat ol 28
ratfc ia‘oéera%ion. In aéditioa,%@ feeﬂing-élomiy.and
int@rmitteﬁﬁiy. this new oystem aleo aids in preventing
locallized arcas of high acid eonccntration by iniroduce
ing the raw foed into the tank through She tirculation
eystem-(ius%eaa of dlrcctiy into the tank), thereiy o~
sulting in the immediate mixing, duffering, and sceding
6f the raw material with the active culture. ‘?hevdaﬁa

for this experiment is summarized in Table VI.
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TABLE VI

Anasgrobic Fermentation of Fresh Poar Waste at 1310 P,
Mtomatie, Interaittont Feeding.

— ' Gas ?raﬁnetion _
Time pﬁ Yolatile Frech Pear Dalily Prod. 662 GHQ
in Acids Uaste Added

T Pepefe gﬁﬁﬂ@ﬁ‘ T eu, §%, & &
6.7 2982
6.7 543
6.5 257

}3
{+]

8.91 §5.8 4&.
- et Sy 6 82 . dr _auu—u
G.7 186 6.32 B7.8 58.6

Pote: ghgre wag an air‘l@ak in the feoed 1ine on this

AGBe -
6.7 43

| 6.7 166

10 6.6 43

iz 6.6 8%

13 6.6 43

14 G.J7 52

15 6.7 103

&ﬁ&@@i

4 .85 ‘fl.bi“.l‘ -eanen
8.79 46.0 90.1
6. 9‘ 49 2 42,2
$.50 44,0 51.0
B. 6@ Wieh Ao mno
60- 55‘ ' i o EY Y
9 [ 35 R -
5 7 [ 69 168 i - -v-n -
5.6 10.62 46.6 49.0
5]

WM~y @m@mmwa

B N N

o
is g - - 3 9 g&?' Wemneih o
20 6.6 103 7.6 6. @@ 50.6 48.0
21 8.4 35@ 3.8 11. 61.3 6.6
gé& 6 -8 154 @ 00 @ ° ?§ 33 . %} Ll dad

Bote: Treading system out of order; no feeding f@r'lo
_ days from E@ce?§e§'z7, 1949 te Jenuary 3, 1950,
34 .o L. 3=-2--1 ; 'Y S ooy o i v o AP, O g
38 6.6 06 2.50 38.8 57.0
8¢ Jre—— pup—— @ . @5 Wiisbes e
o o6 43 £.95 40.5 55.4

G340 & ALY



TABLE VI (continued)

e

49

Time pH Volatile Frosh Pear
in Acids Vaste Added

) Gas Praduction T
113 T,

d8Ye  Pepeie  poungds

42 6.6 43 5
22 6.6  Si 2
46 6.6 43 ~ 4.5
45 6.6 108

46  wmm amm 4.5
47 B.7 60 8.5
48 6.7 139 &

49.2
43,8
49.4
47.0
52.0
§1.6

& Per sent by welume.
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Re@ul%@ @f thnggpeviments_Qn the Anaserobic

Formentation of Pear Waste. In the inidial oxperiment

(Pable I¥, Pigure 6) 15.9 pounds of driecd peoar waste
(14.6 poundy dry wveight) weore feod over a formcntation
period of 17 days with tho production of £56.3 cubic foet
¢f sgas. The average nethant contont of vhis ga@ vas 7840
per eent by velume, which was much higher tham for any of
the later oxperiments. Because of a lack of gas collee~
tors of sufficiont size, it wes 3mpossible to obtaim the
{rue average values for the total gas produced during asny
of the five experiments. These values, therefore, are
the averages of the daily anclyees made on half«liter
saaples. There wae o graduwel inerease in gas production
%o o paninum of 8.8 cubie feet per day on the 10th day.
Thereafter, tho gas preductiion practically ceased, giving
the comparatively lovw velwe of 8.1 cuble feet of ges for
cach pound of material fod during the formentation peried.
| In the second experimeoat (Table IIE, Pigure 7)
9845 pounds of dried poor vaste (90.6 peunde dry weight)
ware fed over the much longer pericd of 160 days. During
thic time 643.7 cubie foet of gag uere produced, average
ing 41.3 per cent carbon dioxide and £1.9 per cent
méthane. This shows a reduetion @f‘memhame'@aﬁtent, but

the total gas production rose from the previous 3.1 cubio
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feet of gas por pound te 7.1 ouble feet of gas for cach
pound of material {(dry velighi)., There wes e sharp peak
in gas production nsar the I4th day %o nearly 14 cubie
fest per day, which was the wexiawn value ?@@@éﬁ@d.
Another increass in gas production to abovo five cubie |
feect por day ococursrsd nearly the 50th daoy and oxtended
through the 110th day.

The change from o mecophilic e a thormophilie
temperature of fermentation and the ostablishment of
frosh pear vaste as the substrete Icd %o a further ine
¢rease In the total gus 'produstish por pound of material
fod éﬁ o dry welight basic. The compositien of ‘the gas,
however, remoined essentially the came as for experimonts
with dried pear waste ab B6° P.

In euperiment three (Table IV, Pigure 8), 208
pounds of fresh waste {(85.4 pounds dry weight) produced a
total of 468.7 ¢uble feet of gao with an average composie
tion of 45.1 por comt carbon dioxide and 49.3 per cont
nethanc. The total ges production for the tugsmonth
pariod was 133 cuble foot pear pound of dry maberiel,
which was the highest for any of the -five runs.

tn experidment four (Tablo ¥, Flgure 9), & total
of £31 pounds frosh woste (32.5 pounds dry welght) wero
fed during a two-montl porliod teo produce 412.5 eubic feed
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of gas. Thls gas averaged 48.9 per cont carboa dlexide
and 81.1 por cent methans. The production of 10.7 eubic
feot of gas per pound of dry material was slightly under
that of the previous experiment. During the first week
of this experiment, ﬁaiiy~ha1f~11tsr éamplas of the welle
agitated tank contents were withdravn for the following
analyses, the resulte of vhich are iabﬁlated in Table VII:
pH, volatile acids, zolids, ash, carbon, organic
{Xjeidahl) nitrogen, r@dnaing sugars, anﬂ B.0.Ds The
§nitial frech pear waste onalyzed 85,000 p.p.m. rcducing

gugar (duplicate ong-gram samples aversged 85 mg. sugar).

PABLE VIT
Anakg@i% af @1@@@%@& Material

Sanple VOlagile Solids Ash carbon.mitrogen Sugara’@.egﬁ.
Aclée

dupli-
cate

170 1.15 0.44 3,885 328 5 775
100 1.15 0.41 5,249 388 40 645
283 1,30 0.46 4,040 843 S0 840
168 1.10 0,41 §,083 280 80 900
11z 1.01 0.38 5,088 270 40 1000
1@6 1,04 0,40 8,240 275 - 800

Ave. 165 1.13 0.43 8,368 311 46 842

&ﬂﬂﬁrﬁhbﬁmM$w
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The data im Table VEY shous that tho tank eonw
%én%g'?ﬁmainsd.rega%iveéy stable during formeniation.

The averags five-fay D.0,D. 0f B4E pPe.Pede i85 duc in &
small part to the residusl sugars end largely to other
readily oxidizeble £®f@éﬁ%@ti@@ by=products. "The total
solide (1.12 per sent) mipup the ach (@.és,p@r»eént)'
gives the orgenie solids (0.70 por cent) squivaleat to
3,868 pepeme Barbon, which uowlé have a theoratical,
ultimate B.0.D. valuo of spprogtimately 9000 pepem. The
difference botwoen tho 9000 B.0.L. valuc and the five~
day B.O.D. value is duc to resistant materilals ouch as
lizain. Ligain oxertc an cxtromely slow B.0.D. reprosents
ing an accumulative but probably undsterminable pollution
effeet, tho significanse of uhich is controversiel and
largely unknoun.

The results of the last expoeriment (Table VI)
are osoentially the seme ag for the tuo p?@vi@ﬁe onéa
(Tables IV and V). In the lact experiment, 166 pounde of
fresh waste fga.ﬂ‘p@nﬁ&é dry wedgh?) vere fed during a
poriod of 48 daye to profues 275.6 cuble foot of gag. In
composgition, this:géa averaged 45.8 per cent cé?ban;aiexide
and 49.5 per cent methanc. The gas production drepped
slightly to 9.8 cubie feet per pound of pear waste. (dry

4 basis).
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The results of these experiments are all

summarizced in Table VIIX.

PABLE VIIX

SUIMTARY ©F THE ANARROBIC TERUENTATION
OF PEAR UASTE

Toble wa@te Add@d bry Weight Gu. ft. 6&. ft. Ave.cﬁmp.w
Gas Pro- per 1b.
duoedissuidry wt. €0, CHy

17 T8.6 160, 14.6 Ivs. 45.56 3.1 17.5  73.8
Driedn
Drisd

W 208 lbe & , ‘ ] .
Preshits  85.4 1bs. 468.68 13,3 45.1 49.3

i 231 1bs.  39.3 1bs. 410.53 10.7 45.9 51.1
Fresh

v RGG  1boe  £28.2 1bse 275.856 2 9.8 468 49.5
rreah

% This gas coupocition average is the average valve of
the daily samples collgcted, over acidified brine, from
the tank for gas anhalysis.

#: Contalned oight per cent moiatu?e.

s Contained anm averags of 83 per e@nt moisture (23).

Wkt Jot corrected te ctandard conditioms.
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SUMMARY AND CONCLUSION

The @bjeat&véa of this study have, $0 s large
extent, becn achieved. The knoulcdge gained from the pro=
lininery lahoratnry_iérmem%a%ions initiated by iarnik (29)
and completed by Laahrech% (4@) sorved as a kaéis for the
design of a 180 gollion coxperimontal pilot plante. This
pilot plant was c@nstrueﬁ@d with provision for automatie,
fntermittent, roversible circulation of contents; osuto-
matic temperature control; &lovw, intermitdent feeding;
continuouns gas measurement; end withdrawal of digestod
naterial through o trapped overflou.

Pive experimental runs, extending ovefr about
one yesrts time, were conducted by use of the pllet plant
for the purpose of obtaining the following data: pH,
veiéﬁile acids, total gag produced, compesition of the
gas produccd, snd of the digested rosidus. |

The rocults obtainod vhen the pilot pland was
first put into operatlonm agrecé elosely with those found
on a laboratory basise &n the thres preliminary fermonta-
tion runc conducted by Lambrecht the volume of gas per
pound of wagte (dry woight) was 8.5, 6.0, and 9.6 cubic
feect, respettively. By eomparison, tho result of the
pilot plant expekimenﬁ. conduaved over a poriod of 160

days ané alse utilizing dricd pear waste, was 7.1 cuble
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feet of gas por pound of waste. As 1o readily seen, the
amount of gae produced on & pilot plant seale compared
closely to that obtained in the laboratory. |

The change in‘f@rmentétion from 86 degrees
Fahrenhelt to 131 Qegrecs Fahrenhelt and the intreduction
of fresh vaste as the substrate in the last three experie
ments caused an inereasc in the total gas preduction to
1348, 10.%, ond 9.8 cuble fech, respectively.

The compemition of the dlgested materiel scemed
to remain quite stable at an average of 1.137 solids, <47
ash, 3,358 p.p.a. carbon, 311 p.p.o. nitrogen, 46 PeP oo
reducing sugars, and 842 p.p.se B.0.D.

Cnee the pilot plant was put fnte operation and
an active eulture built up, it vas as easy to operate as
the small laboratory fermentation had been. It was found
that the fermentation could be interrupted for perieds of
several months and re~infitiestcd with wery little lag.

Tho micro~fiora vwas varicd, but remained quite
constant as to organisms found on the stainsd slideas.
These organisms consisted af beth long and short Graae
negative rods, Gran-negative cosci, and Gram-potitive
streptoceccie. |

The ond products of the fermentation reomained

fairly consistant at epproximatcly 457 carbon dioxids
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and 807 nothano. Thic gas has a fuol valus of 8§50 B.7.U.
per cubde foot (18).

The rosults obtained in the abeve exporiments
tith poar waste shou promise of o method of disponal
that will both dispense with the nogcssitly of dumping
untreated ¢onnery vastos inte streamp and reduce the
eost of washbe Aispooal By providing a vpoful by-product.
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