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ABSTRACT 

Efifiicient treatment ofi waste materials-firom a.QHiauJLtuA.al. 

operations is a problem in most ofi the countries ofi the world. 

This is particularly true-where Livestock arebeing reared in 

large high-production confiine.me.nt housing systems. There are 

several treatment systems available to handle the wastes fifiom 

this type, ofi operation. These systems are described with particular 

mphasis on thermophilic fiermentation. Thermophilic treatment 

ofi' wastes''o-fi'fi'crs'several advantage*-over "the other type* ofi 

waste treatment systems. The thermophilic system at the 

University ofi British Columbia dififieri,- firom most other high-

temperature systems in that no external heat source is provided. 

Experiments were- carried out which show that the heat 

necessary to maintain the temperature in the thermophilic range 

comes solely firom microbial activity. The actions ofi agitation 

and aeration do not provide any input ofi heat into the fiermenter. 

The fioam which fiorms on the top ofi.the liquid during a fiermentation 

was shown to be a- good insulator. 

feeding trials conducted with the liquid product firom 

thermophilic fiermentation demonstrated that this Liquid can be 

substituted fior water in the diet ofi pigs older than twenty-

eight days ofi age.with no harmfiuL efifiectt,.' Tt is possible 

that pigs' older than fiifity-six days ofi age wilt be able to 

utilize the nutrients in the liquid more' efifiiciently and increase 

their rate ofi' gain without increasing the amount ofi fieed consumed. 

http://confiine.me.nt
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Expe.Kime.nti> with tan.ge.fi hizzd ^e.hme.nte,m> h.eJ>vJLte.d in a 

commeA.CA.al design fcon. a tkeAmophitic wa&te. tfie.atment &y&tnm 

with a total, capacity o{\ 4ix thousand gallons. 

VinaiZy, pKeXiminanxj txiaU> utAZizing ILgnocelZuJLo&e. at> 

a buhistnatz fan. tkcnmopkiZic bact&vLa indicated that that 

bactcnia ah.<L able, to utiLize. ceJUUrfio&e. ai> a natnie.nt' iouAce. . 

http://Expe.Kime.nti
http://tan.ge.fi
http://commeA.CA.al
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1. INTRODUCTION 

The t o t a l hog popu la t ion in B r i t i s h Columbia as of January 

1> 1975 t o t a l l e d 56,000 a n i m a l s . Th is f i g u r e does not inc lude 

breeding s tock l e s s than s i x months of age (B.C. A g r i c u l t u r a l 

S t a t i s t i c s F a c t s h e e t ) . The m a j o r i t y of these animals were r a i s e d 

under p a r t i a l or t o t a l confinement systems. 

Th is method of r a i s i n g swine r e s u l t s in heavy, l o c a l i z e d 

accumulat ions of manure and a s s o c i a t e d wastes ( W i l l r i c h and Hines 

1967). The obvious and n a t u r a l s o l u t i o n to t h i s problem and. .the 

one which i s c i t e d most f r e q u e n t l y i s to make optimum use of the 

waste as f e r t i l i z e r , that i s to spread the waste on the land at 

ra tes s t i m u l a t i n g maximum crop p r o d u c t i o n . Such handl ing was 

economica l l y unfavorab le compared to the use of commercial 

f e r t i l i z e r s s i n c e the low content o f minera l n u t r i e n t s in manure 

d i d not j u s t i f y the extended t r a n s p o r t and f i e l d spreading of the 

o r g a n i c bulk m a t e r i a l (Turner 1975). However, w i th the ever 

i n c r e a s i n g cost of commercial f e r t i l i z e r s , land spreading as a 

method of d i s p o s a l i s l i k e l y to become more widespread (Wilson 1975) 

There has been a great deal of research c a r r i e d out in the area 

of h i g h - r a t e land s p r e a d i n g . A review of the l i t e r a t u r e in t h i s 

area i s g iven in EPA p u b l i c a t i o n #660125-75-101 a v a i l a b l e from 

the Environmental P r o t e c t i o n Agency (Wa 1 1 i ngf ord et_ aj_. 1975). 

Land spreading assumes that the operator owns or has access 

to a la rge enough area o f land on which to spread the manure. Th is 

not always the case . Some operators own on ly the land on which the 

b u i l d i n g s are s i t u a t e d and o t h e r s , though owning l a r g e r ac reages , 
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may not own enough lan d t o h a n d l e t h e amount o f wastes produced. 

In England and Wales a p p r o x i m a t e l y 2k. p e r c e n t o f t h e p i g s a r e 

housed on farms w h i c h have t o o l i t t l e l a n d t o u t i l i z e t h e p l a n t 

n u t r i e n t s i n t h e f e c e s and u r i n e , o r t o d i s p o s e o f them w i t h o u t 

r i s k o f wa t e r p o l l u t i o n ( R i c h a r d s o n 1974). In c e r t a i n a r e a s o f 

N o r t h A merica where both swine and c o r n p r o d u c t i o n a r e combined 

on t h e same f a r m i n g u n i t , and where the swine wastes a r e u t i l i z e d 
2 

as t h e major f e r t i l i z e r i t has been found t h a t 335m o f land per 

animal i s r e q u i r e d f o r adequate waste d i s p o s a l (Laak 1970; 

Webber 1971). T h i s f i g u r e c o n v e r t s t o one a c r e o f l a n d r e q u i r e d 

f o r e v e r y t w e l v e hogs. 

Even when s u f f i c i e n t l a n d i s a v a i l a b l e t h e r e a r e o t h e r problems 

a s s o c i a t e d w i t h l a n d s p r e a d i n g . These i n c l u d e optimum a p p l i c a t i o n 

r a t e s f o r d i f f e r e n t c r o p s , t i m e o f a p p l i c a t i o n , p o s s i b l e p o l l u t i o n 

o f s u r f a c e and groundwaters and i n a r e a s w i t h urban development, 

o f f e n s i v e o d o r s and d u s t . 

The hog p r o d u c e r , t h e r e f o r e , r e q u i r e s a t r e a t m e n t system w h i c h 

w i l l reduce t h e p o l l u t i o n c h a r a c t e r i s t i c s and t h e t o t a l b u l k o f the 

manure. An i d e a l t r e a t m e n t system would p e r m i t maximum p i g 

per f o r m a n c e , reduce o b j e c t i o n a b l e o d o r s , gases, and p o l l u t i o n 

h a z a r d s , p r e v e n t d i s e a s e t r a n s m i s s i o n , r e s u l t i n a u s a b l e p r o d u c t 

and be r e l a t i v e l y a u t o m a t i c and eco n o m i c a l t o o p e r a t e . 

Some com p a r i s o n s have been made between waste from human 

p o p u l a t i o n s and swine w a s t e s . These comparisons a r e based on t h e 

B i o c h e m i c a l Oxygen Demand (B.O.D.) o f t h e w a s t e s . B.O.D. i s a 

term used t o q u a n t i f y t h e p o l l u t i o n c h a r a c t e r i s t i c s o f a waste; 
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i t r e p r e s e n t s t he amount o f oxygen r e q u i r e d by a e r o b i c b a c t e r i a 

f o r t h e b i o l o g i c a l d e c o m p o s i t i o n o f t h e o r g a n i c m a t t e r i n . a 

s t a n d a r d time o f 5 days and a s t a n d a r d t e m p e r a t u r e o f 20°C. 

The s t a n d a r d v a l u e f o r human d o m e s t i c sewage i s 0.08 kg B.O.D. 

per day per pe r s o n and an av e r a g e v a l u e f o r a 50 kg p i g i s 0.15 kg 

B.O.D. per day. A co m p a r i s o n o f t h e s e two f i g u r e s r e v e a l s t h a t 

one 50 kg. p i g would be e q u i v a l e n t t o a p p r o x i m a t e l y two p e o p l e 

i n s t r e n g t h o f waste produced per day. The normal market w e i g h t 

o f a p i g a v e r a g e s 100 kg. On t h i s b a s i s t he waste produced from 

one m a r k e t a b l e p i g would be e q u i v a l e n t t o t h a t produced by f o u r 

human b e i n g s . C o n s e q u e n t l y an o p e r a t i o n p r o d u c i n g 1,000 market 

w e i g h t hogs would a l s o produce waste m a t e r i a l w i t h a p o l l u t i o n a l 

s t r e n g t h comparable t o 4,000 human b e i n g s . However, t h e volume 

t o be t r e a t e d would be c o n s i d e r a b l y s m a l l e r s i n c e swine wastes a r e 

much more c o n c e n t r a t e d (Conrad £ Mayrose 1971) . E s t i m a t e s i n d i c a t e 

t h a t c o n s t r u c t i o n costs'^alone f o r a p p l y i n g m u n i c i p a l waste t r e a t m e n t 

t e c h n i q u e s t o sw i n e wastes would be a p p r o x i m a t e l y twenty t o f o r t y 

d o l l a r s per p i g c a p a c i t y o r 20,000 d o l l a r s t o 40,000 d o l l a r s f o r a 

1,000 head o p e r a t i o n (Laak 1970). E c o n o m i c a l l y , t h i s s u g g e s t s 

t h a t some o t h e r t y p e o f waste t r e a t m e n t system w i l l be mandatory. 
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2. TYPES OF TREATMENT SYSTEMS 

Treatment systems f o r a g r i c u l t u r a l w a s t e s , i n c l u d i n g t h o s e 

from swine o p e r a t i o n s f a l l i n t o two g e n e r a l c l a s s e s , both o f 

whi c h u t i l i z e b a c t e r i a t o decompose t h e manure. One p r o c e s s 

t a k e s p l a c e i n t h e absence o f d i s s o l v e d oxygen and i s known as 

a n a e r o b i c d e c o m p o s i t i o n . w h i 1 e t h e o t h e r r e q u i r e s the p r e s e n c e 

o f d i s s o l v e d oxygen and i s known as a e r o b i c d e c o m p o s i t i o n . 

2.1 A n a e r o b i c D e c o m p o s i t i o n 

A n a e r o b i c d e c o m p o s i t i o n i s a complex p r o c e s s i n v o l v i n g s e v e r a l 

groups o f organisms w h i c h s i m u l t a n e o u s l y a s s i m i l a t e and decompose 

o r g a n i c m a t t e r . T h i s d e c o m p o s i t i o n i s performed i n two s t e p s . 

The f i r s t s t e p i n v o l v e s a c i d - f o r m i n g b a c t e r i a which c o n v e r t t h e 

o r g a n i c m a t t e r i n t o v o l a t i l e o r g a n i c a c i d s such as a c e t i c , p r o p i o n i c 

and b u t y r i c among o t h e r s . The second s t e p i n t h e p r o c e s s i n v o l v e s 

the c o n v e r s i o n o f t h e s e v o l a t i l e o r g a n i c a c i d s i n t o g a s e s , m a i n l y 

methane and c a r b o n - d i o x i d e ( F a i r et_ a_l_. 1968) (DeWalle & C h i a n ) . 

A n a e r o b i c organisms o b t a i n t h e i r energy from the o x i d a t i o n o f 

complex o r g a n i c m a t t e r but u t i l i z e compounds o t h e r than d i s s o l v e d 

oxygen as o x i d i z i n g a g e n t s . An o x i d i z i n g agent may be b r o a d l y 

d e f i n e d as an e l e c t r o n a c c e p t o r . I t i s not n e c e s s a r y t o have f r e e 

oxygen m o l e c u l e s p r e s e n t t o s u p p o r t an o x i d a t i o n r e a c t i o n . 

Compounds o t h e r than f r e e oxygen w h i c h may be used as o x i d i z i n g 

a g e n t s i n c l u d e c a r b o n - d i o x i d e , i n o r g a n i c s u l f a t e s and n i t r a t e s 
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and p a r t i a l l y o x i d i z e d o r g a n i c m a t t e r s u c h as v o l a t i l e f a t t y a c i d s 

( W i l l r i c h S S m i t h 1970), C o m p l e t e o x i d a t i o n o f t h e o r g a n i c m a t t e r 

r e s u l t s i n t h e p r o d u c t i o n o f m e t h a n e , c a r b o n - d i o x i d e , h y d r o g e n 

and n i t r o g e n g a s e s . These p r o d u c t s may be r e l e a s e d t o t h e 

e n v i r o n m e n t w i t h o u t any i l l e f f e c t s . I n c o m p l e t e o x i d a t i o n o f t h e 

o r g a n i c m a t t e r c a n r e s u l t when t h e b a l a n c e between t h e a c i d - f o r m i n g 

b a c t e r i a and t h e methane f o r m i n g b a c t e r i a i s u p s e t . T h i s i m b a l a n c e 

can o c c u r b e c a u s e o f c h a n g e s i n t h e pH , t e m p e r a t u r e o r s o l i d s c o n t e n t 

o f the i n c o m i n g w a s t e s t r e a m . I n c o m p l e t e o r p a r t i a l o x i d a t i o n r e s u l t s 

i n t h e p r o d u c t i o n o f m e r c a p t a n s , amines and v o l a t i l e a c i d s . These 

p r o d u c t s have o b n o x i o u s o d o r s and may e x e r t an u n d e s i r a b l e oxygen 

demand upon r e l e a s e t o t h e e n v i r o n m e n t ( L o e h r 1974). 

Two p o s s i b l e s y s t e m s w h i c h u t i l i z e a n a e r o b i c b a c t e r i a f o r t h e 

t r e a t m e n t o f f a r m a n i m a l w a s t e s a r e t h e a n a e r o b i c l a g o o n and t h e 

a n a e r o b i c d i g e s t e r . 

. . ' 2 . 1 . 1 A n a e r o b i c l a g o o n 

The p u r p o s e o f an a n a e r o b i c l a g o o n i s t h e d e s t r u c t i o n 

and s t a b i l i z a t i o n o f o r g a n i c m a t t e r and not w a t e r p u r i f i c a t i o n 

(Loehr 1974). The r a t e a t w h i c h t h i s d e c o m p o s i t i o n and s t a b i l i z a t i o n 

t a k e s p l a c e depends upon e n v i r o n m e n t a l f a c t o r s s u c h as t h e 

t e m p e r a t u r e o f t h e l a g o o n , t h e s t r e n g t h o f t h e i n c o m i n g w a s t e , 

t h e pH , s i z e o f t h e b a c t e r i a l p o p u l a t i o n and t h e amount o f m i x i n g 

t h a t t a k e s p l a c e . The m i x i n g i s a f u n c t i o n o f t h e g a s e s p r o d u c e d 
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i n t h e l a y e r o f o r g a n i c sediment a t the bottom o f t h e p o o l . As 

th e s e gas bubbles r i s e from t h e bottom l a y e r t h e y tend t o mix 

the c o n t e n t s o f the lagoon making t h e o r g a n i c m a t e r i a l more 

r e a d i l y a v a i l a b l e t o the a c t i v e o r g a n i s m s (Loehr 1974). 

The a n a e r o b i c lagoon began as a s i m p l e h o l d i n g tank 

f o r a n imal manures. I t was an open p i t , tank o r r e s e r v o i r deeper 

than f i v e f e e t w h i c h r e c e i v e d d i l u t e d a n i m a l wastes and was not 

m e c h a n i c a l l y mixed (W11Iri ch and Smith 1970). The m i c r o b i a l 

a c t i v i t y i n such a lagoon r a p i d l y reduces t h e d i s s o l v e d oxygen 

l e v e l t o a p o i n t a t w h i c h a e r o b i c b a c t e r i a cannot f u n c t i o n t h e r e f o r e 

a n a e r o b i c d e c o m p o s i t i o n t a k e s p l a c e . Recent s t u d i e s by Booram e t a 1. 

1975 and N o r d s t e d t and B a l d w i n 1975 have shown t h a t t he a n a e r o b i c 

animal waste lagoon i s a c t u a l l y a complex system r e q u i r i n g c a r e f u l 

management o f the p r e v i o u s l y mentioned f a c t o r s such as pH, 

t e m p e r a t u r e , m i x i n g , b a c t e r i a l p o p u l a t i o n s , e t c . 

Temperature i s one o f th e most i m p o r t a n t f a c t o r s 

a f f e c t i n g t he performance o f an a n a e r o b i c lagoon ( W i l l r i c h & Smith 

1970). Maximum d e c o m p o s i t i o n t a k e s p l a c e when the t e m p e r a t u r e 

o f t h e lagoon c o n t e n t s i s h i g h e r t h a n 17_19°C (Loehr 1974). In 

B r i t i s h Columbia and i n most o f Canada t h e a n a e r o b i c lagoon i s 

not w i d e l y used because i t remains i n a c t i v e t h r o u g h t h e w i n t e r 

and o p e r a t e s o n l y when t h e ambient t e m p e r a t u r e r i s e s enough t o 

p r o v i d e a s u i t a b l e environment f o r t h e b i o l o g i c a l d e c o m p o s i t i o n 

t o t a k e p l a c e . A l s o , even a t optimum t e m p e r a t u r e o f o p e r a t i o n 

the p o s s i b l e p r o d u c t i o n o f ob n o x i o u s odors can p r e y e n t the 
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a n a e r o b i c lagoon from b e i n g u t i l i z e d i n a r e a s o f h i g h p o p u l a t i o n 

d e n s i t y such as t h e Lower F r a s e r V a l l e y . 

I t s h o u l d a l s o be noted t h a t t h e d i s c h a r g e from an 

a n a e r o b i c lagoon c o n t a i n s s i g n i f i c a n t amounts o f oxygen demanding 

m a t e r i a l and i s u n s u i t a b l e f o r d i s c h a r g e t o s u r f a c e w a t e r s w i t h o u t 

f u r t h e r t r e a t m e n t (Loehr 1968). P e r i o d i c removal and l a n d d i s p o s a l 

o f a c c u m u l a t e d s o l i d s i s a l s o necessary, making t h i s t r e a t m e n t 

system u n s u i t a b l e f o r an o p e r a t i o n w i t h l i m i t e d l a n d a r e a . 

2 . 1 . 2 A n a e r o b i c D i g e s t e r 

The o t h e r t r e a t m e n t system u t i l i z i n g a n a e r o b i c b a c t e r i a 

i s t h e a n a e r o b i c d i g e s t e r . T h i s form o f a n a e r o b i c d i g e s t i o n was 

f i r s t d e v e l o p e d f o r use by m u n i c i p a l i t i e s f o r use i n t r e a t i n g 

d o m e s t i c sewage (Lapp 1975, Lawrence 1971) . 

An a n a e r o b i c d i g e s t e r i s a c l o s e d v e s s e l equipped 

w i t h an e x t e r n a l m i x i n g d e v i c e as w e l l as a heat exchanger t o 

m a i n t a i n a t e m p e r a t u r e o f between 32°C and 35°C (Loehr 1974) . 

These d i g e s t e r s can be s i n g l e s t a g e , t w i n s t a g e o r t w i n s t a g e w i t h 

s o l i d s r e c y c l i n g and a r e u s u a l l y c o n s t r u c t e d w i t h c o n c r e t e 

(Lawrence 1971) . 

The s i n g l e s t a g e u n i t u t i l i z e s a s i n g l e t a nk. W i t h i n 

t h i s t a n k t h e r e i s a zone where t h e b i o l o g i c a l a c t i v i t y t akes 

p l a c e and a n o t h e r zone where t h e s o l i d s s e t t l e o ut and are.removed. 

A two-stage u n i t d i v i d e s t he d e c o m p o s i t i o n and s o l i d - l i q u i d 
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s e p a r a t i o n phases i n t o two s e p a r a t e t a n k s . T h i s a l l o w s each t a n k 

t o be d e s i g n e d f o r optimum o p e r a t i o n . S o l i d s r e c y c l i n g i n v o l v e s 

removing a p o r t i o n o f t h e a c t i v e b a c t e r i a l p o p u l a t i o n from the 

s o l i d - l i q u i d s e p a r a t i o n t a n k and a d d i n g i t t o w a s t e - s t r e a m 

f l o w i n g i n t o t h e d e c o m p o s i t i o n tank. T h i s a l l o w s t he p o p u l a t i o n 

o f t h e a c t i v e b a c t e r i a i n t h e d e c o m p o s i t i o n tank t o be kept a t a 

h i g h c o n c e n t r a t i o n i r r e s p e c t i v e o f t h e i n f l u e n t w a s t e - s t r e a m 

c o n c e n t r a t i o n and i s e s p e c i a l l y v a l u a b l e when d e a l i n g w i t h d i l u t e 

w a s t e s . In systems w i t h o u t s l u d g e r e c y c l i n g t he d i l u t e wastes 

may not s u p p o r t an adequate, a c t i v e m i c r o b i a l mass. Sl u d g e 

r e c y c l i n g p e r m i t s s m a l l e r u n i t volumes and e f f i c i e n t waste s t a b i l i z a t i o n . 

Systems u t i l i z i n g s l u d g e r e c y c l i n g r e q u i r e a s l u d g e t h a t w i l l 

s e p a r a t e and s e t t l e e f f i c i e n t l y . However, a n a e r o b i c a l l y d i g e s t e d 

swine wastes do not s e t t l e w e l l , and t h e r e f o r e t h i s t y p e o f system 

would be u n s u i t a b l e f o r use w i t h swine wastes (Schmid and L i p p e r 1969). 

A n a e r o b i c d i g e s t e r s produce methane gas as one o f t h e 

b y - p r o d u c t s . S u f f i c i e n t methane can be produced t o heat the d i g e s t e r 

and p r o v i d e some e x c e s s f u e l f o r o t h e r uses (Lapp et_ a_l_. 1975) -

However, f o r use i n an a g r i c u l t u r a l s i t u a t i o n t h e r e a r e s e v e r a l 

l i m i t a t i o n s f o r such a f e r m e n t a t i o n . These i n c l u d e t h e h i g h c a p i t a l 

c o s t f o r p r o p e r s t r u c t u r e s , m e c h a n i c a l equipment and gas c o n t r o l 

d e v i c e s . Methane f e r m e n t a t i o n s r e q u i r e c o n t i n u a l c a r e t o a v o i d 

e x p l o s i o n s , and a t times a d a i l y f e e d i n g o f the waste t o t h e d i g e s t e r 

(Canada Animal Waste Management Guid e , 1974; J e w e l l and M o r r i s 1974 

and Lapp 1974). Because o f t h e n e c e s s a r y equipment, the h i g h 
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i n i t i a l c o s t s , the p o t e n t i a l o p e r a t i n g p r oblems, the need f o r 

competent o p e r a t o r s , and the f a c t t h a t f u r t h e r t r e a t m e n t and 

d i s p o s a l o f t h e s l u d g e i s n e c e s s a r y , c o n t r o l l e d a n a e r o b i c d i g e s t i o n 

systems l i k e l y w i l l not be w i d e l y a p p l i e d t o a g r i c u l t u r a l wastes 

(Loehr 1974; J e w e l l and M o r r i s 1974 and Lawrence 1971). 

2.2 A e r o b i c D e c o m p o s i t i o n 

A e r o b i c t r e a t m e n t systems u t i l i z e b a c t e r i a w h i c h r e q u i r e t h e 

pr e s e n c e o f f r e e oxygen i n t h e i r e n v i r o n m e n t . The a e r o b i c b a c t e r i a 

o r " a e r o b e s " r e q u i r e d i s s o l v e d oxygen (d.o.) f o r m e t a b o l i s m u s i n g 

oxygen as an e l e c t r o n a c c e p t o r , as opposed t o t h e p r e v i o u s l y 

mentioned anaerobes w h i c h use e l e c t r o n a c c e p t o r s o t h e r than oxygen 

( l o e h r 1974). W i t h a e r o b i c breakdown o f the b i o d e g r a d e a b l e o r g a n i c 

m a t t e r the f i n a l p r o d u c t s o f d i g e s t i o n a r e c a r b o n - d i o x i d e , water and 

new b a c t e r i a l c e l l s . T h i s does not mean t h a t a f t e r d i g e s t i o n by 

a e r o b i c b a c t e r i a no r e s i d u e i s l e f t e x c e p t f o r c a r b o n - d i o x i d e and 

w a t e r , however, i t does mean t h a t a e r o b i c t r e a t m e n t b r e a k s down 

o r g a n i c m a t t e r w i t h o u t p r o d u c i n g o b n o x i o u s o d o r s . For a g i v e n 

o r g a n i c l o a d i n g , a e r o b i c c o n d i t i o n s w i l l produce a more o x i d i z e d 

end p r o d u c t o r e f f l u e n t than s i m i l a r a n a e r o b i c c o n d i t i o n s and w i l l 

p e r m i t a more e f f i c i e n t c o n v e r s i o n o f the c a r b o n s o u r c e t o 

m i c r o b i a l c e l l s . T h i s i n c r e a s e i n t h e number o f m i c r o b i a l c e l l s 

can be regarded as an a s s e t as w e l l as a l i a b i l i t y . The h i g h e r 

p o p u l a t i o n o f m i c r o b e s a l l o w s g r e a t e r m i c r o b i a l d e g r a d a t i o n , f a s t e r 

d e c o m p o s i t i o n and s h o r t e r d e t e n t i o n t i m e s . On the o t h e r hand, 
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the g r e a t e r number o f s y n t h e s i z e d m i c r o b i a l c e l l s i n an a e r o b i c 

d i g e s t e r w i l l i n c r e a s e t h e s l u d g e d i s p o s a l problem u n l e s s t h e c e l l s 

o r t h e i r c o n s t i t u e n t s a r e u t i l i z e d as a r e s o u r c e ( r e f e e d i n g o r 

p r o d u c t i o n o f s i n g l e - c e l 1 p r o t e i n ) i 

There a r e s e v e r a l t y p e s o f a e r o b i c t r e a t m e n t systems 

and many m o d i f i c a t i o n s t o the a e r o b i c p r o c e s s w h i c h can be used t o 

meet s p e c i f i c t r e a t m e n t r e q u i r e m e n t s . Such f a c t o r s as t h e degree 

o f t r e a t m e n t r e q u i r e d , c h a r a c t e r i s t i c s o f t h e w a s te, n u t r i t i o n a l and 

oxygen r e q u i r e m e n t s o f the b a c t e r i a , t e m p e r a t u r e and pH e f f e c t s 

and economic c o n s i d e r a t i o n s s e r v e as t h e b a s i s f o r t h e s e m o d i f i c a t i o n s 

( M e t c a l f e £ Eddy 1972). 

A e r o b i c t r e a t m e n t systems i n c l u d e o x i d a t i o n ponds, 

l a g o o n s , o x i d a t i o n d i t c h e s , t r i c k l i n g f i l t e r s ( a l l o f t h e s e o p e r a t e 

a t ambient t e m p e r a t u r e s ) and a h i g h t e m p e r a t u r e system termed 

t h e r m o p h i l i c a e r o b i c f e r m e n t a t i o n . 

2.2.1 O x i d a t i o n Ponds 

The o x i d a t i o n pond o r n a t u r a l l y a e r a t e d lagoon i s the 

s i m p l e s t t y p e o f a e r o b i c t r e a t m e n t system. These ponds a r e 

r e l a t i v e l y s h a l l o w , d i k e d s t r u c t u r e s w i t h a l a r g e s u r f a c e a r e a t o 

m a i n t a i n a e r o b i c c o n d i t i o n s . T h i s t y p e o f system has been w i d e l y 

used i n a r e a s where the l a n d i s f a i r l y f l a t , and i n e x p e n s i v e , 

and where th e c l i m a t i c c o n d i t i o n s o f s u n l i g h t , t e m p e r a t u r e and wind 

a c t i o n a r e f a v o r a b l e (Loehr 1971). The o x i d a t i o n pond i s not a 
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s t r i c t l y " a e r o b i c " system. The upper l a y e r o f the pond has ample 

d i s s o l v e d oxygen whi 1e t h e \ower l a y e r s may have l i t t l e o r no 

d i s s o l v e d oxygen. B a c t e r i a and a l g a e a r e the two i m p o r t a n t 

o r g a n i s m s i n t h e pond (Loehr 1974). The oxygen i s i n t r o d u c e d i n t o 

t h e upper p o r t i o n o f t h e pond t h r o u g h t h e p h o t o s y n t h e t i c a c t i o n 

o f the a l g a e w h i c h r e q u i r e s p r o p e r c o n d i t i o n s o f s u n l i g h t and 

t e m p e r a t u r e . The oxygen produced by the a l g a e a l o n g w i t h oxygen 

from t h e atmosphere i s mixed w i t h t h e l i q u i d by d i f f u s i o n and by t h e 

wave a c t i o n a t t h e s u r f a c e . M i c r o b i a l a c t i o n t a k e s p l a c e a t a l l 

l e v e l s o f the pond. A p o r t i o n o f t h e o r g a n i c m a t t e r s e t t l e s t o t h e 

bottom o f the pond and may be decomposed by a n a e r o b i c b a c t e r i a . 

O r g a n i c m a t t e r w h i c h remains i n s o l u t i o n may be f u r t h e r decomposed 

by a complex system i n v o l v i n g t r u e " a e r o b e s " and f a c u l t a t i v e " a e r o b e s " . 

F a c u l t a t i v e o r g a n i s m s have t h e a b i l i t y t o u t i l i z e oxygen as w e l l as 

o t h e r m a t e r i a l as an e l e c t r o n a c c e p t o r . Oxygen can t h e r e f o r e be 

used but i s not r e q u i r e d . The d e c o m p o s i t i o n o f t h e o r g a n i c m a t t e r 

r e s u l t s i n t h e r e l e a s e o f p r o d u c t s such as c a r b o n - d i o x i d e , ammonium, 

n i t r a t e and phosphate i o n s w h i c h a r e r e q u i r e d f o r t h e growth o f 

th e a l g a e , t h u s c o m p l e t i n g t h e c y c l e . 

O x i d a t i o n ponds a r e not w i d e l y used i n Canada. There 

a r e two main reaso n s f o r t h i s , one i s t h e f a c t t h a t t h e e n v i r o n m e n t a l 

r e q u i r e m e n t s f o r s u n s h i n e and warm t e m p e r a t u r e s a r e met o n l y f o r 

p a r t o f t h e y e a r i n l a t e s p r i n g and e a r l y summer, wh i c h means t h a t 

t h e a e r o b i c b a c t e r i a a r e i n a c t i v e f o r t h e r e s t o f t h e y e a r . T h i s 

can l e a d t o a n a e r o b i c c o n d i t i o n s d e v e l o p i n g w i t h a r e s u l t a n t l o s s 

i n e f f l u e n t q u a l i t y . The o t h e r r e a s o n i s t h e l a r g e l a n d a r e a r e q u i r e d 
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f o r an o x i d a t i o n pond. The Canada Animal Waste:Management Guide 

e s t i m a t e s t h a t an o x i d a t i o n pond t o h a n d l e t h e manure from a 

1,000 swine o p e r a t i o n would r e q u i r e a s u r f a c e a r e a o f 19 a c r e s 

and a volume o f o v e r 15 m i l l i o n g a l l o n s o f water f o r i n i t i a l 

o p e r a t i o n . In a d d i t i o n i t i s d o u b t f u l t h a t t he r e l a t i v e l y smal1 

volume o f manure added would m a i n t a i n a s a t i s f a c t o r y l i q u i d d e p t h 

i n t h e pond. In B r i t i s h C o l u m b i a , t h e h i g h c o s t o f l a n d e l i m i n a t e s 

t h e use o f an o x i d a t i o n pond f o r t h e t r e a t m e n t o f farm w a s t e s . 

2.2.2 M e c h a n i c a l l y A e r a t e d Lagoons 

M e c h a n i c a l l y a e r a t e d lagoons a r e a n o t h e r common t y p e 

o f a e r o b i c t r e a t m e n t system used i n the h a n d l i n g o f an i m a l w a s t e s . 

An a e r a t e d lagoon d i f f e r s from an o x i d a t i o n pond i n t h a t a e r o b i c 

c o n d i t i o n s w i t h i n t h e medium a r e m a i n t a i n e d by m e c h a n i c a l a g i t a t i o n 

o r d i f f u s e d a e r a t i o n . The a c t u a l lagoon i s u s u a l l y c o n s t r u c t e d i n 

th e form o f an e a r t h e n b a s i n w i t h some p r o t e c t i o n on the bank from 

t h e wave a c t i o n caused by the a e r a t i o n u n i t (Loehr 1974). The 

me c h a n i c a l a e r a t o r s used u s u a l l y c o n s i s t o f a f l o a t i n g p l a t f o r m 

s u p p o r t i n g a s e t o f motor d r i v e n b l a d e s which a r e p a r t i a l l y 

submerged. When t u r n e d , t h e s e b l a d e s c r e a t e t u r b u l e n c e a t the 

s u r f a c e w h i c h has t h e e f f e c t o f " b e a t i n g " oxygen i n t o t h e l i q u i d . 

The d i f f u s e d a e r a t i o n system o p e r a t e s by s u p p l y i n g compressed a i r 

t o p e r f o r a t e d p i p e s l o c a t e d a t the bottom o f t h e b a s i n . The 

d i f f u s i o n method i s more p r a c t i c a l i n c o l d c l i m a t e s where i c e can 

a c c u m u l a t e on f l o a t i n g a e r a t o r s and reduce t h e i r e f f i c i e n c y 
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(Pos and Robi nson, 1973)'. 

S a t i s f a c t o r y t r e a t m e n t . o f 1 i v e s t o c k wastes has been 

o b t a i n e d i n a e r a t e d lagoons t h a t have a volume o f a p p r o x i m a t e l y 

f i f t y t i m e s t h e d a i l y manure p r o d u c t i o n . However, i f t h e a e r a t e d 

lagoon i s c o n s i d e r e d t o be f o r t h e f i n a l o r l o n g - t e r m s t o r a g e o f 

t h e s l u d g e a much l a r g e r w o r k i n g volume would be r e q u i r e d . I f the 

lagoon i s t o be d e - s l u d g e d once a y e a r o r more then the volume 

can be re d u c e d , o t h e r w i s e , a lagoon c a p a c i t y s u f f i c i e n t t o p e r m i t 

a d e t e n t i o n time o f two t o t h r e e y e a r s i s recommended (Jones e t a 1. 

1972). 

Ludfington £t_'ajL 1967 conducted a s t u d y i n t o t h e 

e f f e c t s o f a e r a t i o n on odor l e v e l s . For c o n t i n u o u s o p e r a t i o n an 

a e r a t o r t h a t p r o v i d e s 1.5 time s t h e t o t a l d a i l y B.O.D.^ i s t h e 

minimum s i z e recommended t o o b t a i n waste s t a b i l i z a t i o n . The a e r a t i o n 

r e q u i r e m e n t f o r c o m p l e t e odor c o n t r o l i s not g r e a t l y d i f f e r e n t from 

t h i s f i g u r e , however, f o r p a r t i a l odor c o n t r o l an oxygen s u p p l y o f 

o n e - h a l f t o o n e - t h i r d t h e t o t a l d a i l y B.O.D. i s recommended. 

T h i s d e c r e a s e d r a t e o f a e r a t i o n d i s c o u r a g e s the r e l e a s e o f many 

o f t h e v o l a t i l e a c i d s and t h e a s s o c i a t e d gases such as hydrogen 

s u l f i d e and mercaptans. 

Edwards and Robinson 1969 found t h a t a c o n s i d e r a b l e 

r e d u c t i o n i n t h e n i t r o g e n c o n t e n t o f c h i c k e n manure may be e f f e c t e d 

by a e r a t i o n w h i c h can be o f g r e a t i m p o r t a n c e when land f o r d i s p o s a l 

i s a t a premium. 
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M e c h a n i c a l l y a e r a t e d lagoons r e q u i r e c o n t i n u o u s a e r a t i o n 

f o r maximum b a c t e r i a l a c t i v i t y t o t a k e p l a c e . When oxygen i s l i m i t e d , 

t h e o x i d a t i v e r e s p i r a t o r y mechanisms o f the b a c t e r i a cannot f u n c t i o n 

w i t h t h e r e s u l t t h a t a n a e r o b i c d e g r a d a t i o n o f the s u b s t r a t e p r e v a i l s . 

If t h i s c o n d i t i o n p e r s i s t s ; c o n s i d e r a b l e time i s r e q u i r e d t o r e t u r n 

t o normal a e r o b i c c o n d i t i o n s once t h e a e r a t o r i s r e s t a r t e d . 

F a c i l i t i e s h a v i n g a d e t e n t i o n time o f 1.5 t o 2 y e a r s 

may have a v o l a t i l e s o l i d s r e d u c t i o n o f as much as s i x t y t o s e v e n t y 

p e r c e n t (Jones e t a l . , 1972). There i s a b u i l d - u p o f s l u d g e i n an 

a e r a t e d lagoon s i m i l a r t o t h a t which o c c u r s w i t h an a n a e r o b i c l a g o o n . 

T h i s s l u d g e r e q u i r e s p e r i o d i c removal and d i s p o s a l n o r m a l l y by l a n d 

s p r e a d i ng. 

Even though m e c h a n i c a l l y a e r a t e d lagoons a r e e s s e n t i a l l y 

o d o r l e s s and reduce t h e p o l l u t i o n a l c h a r a c t e r i s t i c s and volume o f 

the waste t h e f a c t t h a t they r e q u i r e a s u b s t a n t i a l a r e a o f l a n d 

and a p e r i o d i c removal and d i s p o s a l o f t h e s l u d g e makes them 

i m p r a c t i c a l f o r use i n o p e r a t i o n s which a r e s i t u a t e d on s m a l l a c r e a g e s 

o r where l a n d v a l u e s a r e h i g h . 

2.2.3 O x i d a t i o n D i t c h 

A n o t h e r t y p e o f a e r o b i c t r e a t m e n t system f o r l i v e s t o c k 

wastes i s t h e o x i d a t i o n d i t c h . T h i s system was o r i g i n a l l y d e v e l o p e d 

i n t h e e a r l y 1950 1s as an e c o n o m i c a l method f o r p u r i f y i n g m u n i c i p a l 

waste f l o w s from s m a l l communities and i n d u s t r i e s by t h e Research 

I n s t i t u t e f o r P u b l i c H e a l t h E n g i n e e r i n g (TNO) i n the N e t h e r l a n d s . 
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The s u c c e s s o f t h e o x i d a t i o n d i t c h i n meeting t h e l o w - c o s t t r e a t m e n t 

r e q u i r e m e n t s o f sma11 communitIes aroused t h e i n t e r e s t o f many 

l i v e s t o c k p r o d u c e r s i n No r t h A m e r i c a . A c c o r d i n g t o one s o u r c e 

(Canada Animal Waste Management Guide 1974) t h e r e were a p p r o x i m a t e l y 

400 o x i d a t i o n d i t c h e s i n o p e r a t i o n i n t h e U n i t e d S t a t e s . A l a r g e 

number o f a r t i c l e s have been w r i t t e n d e s c r i b i n g t h e d e s i g n and 

i n s t a l l a t i o n o f o x i d a t i o n d i t c h e s f o r swine o p e r a t i o n s (Smart e t a l . 

1975; Sutton'et_ a l _ . 1975; Eisenmann and White 1975; T a i g a n i d e s and 

White 1971; Robinson e t a_l_ 1970; Wi ndt et_ a]_. 1971; Foree and 01 Del 1 

1969; Jones e t a l _ . 1972; Day et_ a_l_. 1971). These a r e j u s t a few 

of t h e a r t i c l e s w h i c h have appeared i n t h e l i t e r a t u r e i n t h e l a s t 

few y e a r s . 

The o x i d a t i o n d i t c h i s s i m i l a r t o t h e m e c h a n i c a l l y 

a e r a t e d lagoon i n t h e f a c t t h a t a s u r f a c e a e r a t o r i s used t o s u p p l y 
c 

t h e n e c e s s a r y oxygen. The key components o f t h e system a r e a c o n t i n u o u s 

open channel and a s u r f a c e a e r a t i o n r o t o r . The r o t o r i s used t o mix and 

p r o p e l t h e d i t c h c o n t e n t s a l o n g t h e channel as w e l l as t o s i m u l t a n e o u s l y 

s u p p l y oxygen t o t h e system. The i n f l u e n t waste stream does not 

r e q u i r e any p r e t r e a t m e n t , u n t r e a t e d wastes can be added d i r e c t l y t o 

the system. T h i s f a c i l i t a t e s t h e i n s t a l l a t i o n o f t h e d i t c h d i r e c t l y 

beneath s l a t t e d f l o o r s , t hus s a v i n g l a b o r and pumping expenses. The 

d e s i g n o f t h e d i t c h i s dependent upon t h e B.O.D.,. o f t h e waste w h i c h 

i s b e i n g t r e a t e d . In an o x i d a t i o n d i t c h , t he volume o f t h e d i t c h 

per animal i s l e s s i m p o r t a n t than t h e o x y g e n a t i o n c a p a c i t y o f t h e 

r o t o r . The r o t o r must s u p p l y t h e amount o f oxygen r e q u i r e d t o meet 

t h e demand (B.O.D.,.) o f th e wastes e n t e r i n g t h e d i t c h . Loehr (1974) 
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i n d i c a t e s t h a t i f the amount o f oxygen s u p p l i e d i s i n a d e q u a t e the 

d i t c h becomes oxygen 1 imi t e d < p o o r p r o c e s s e f f i c i e n c i e s r e s u l t , 

and o d o r s as w e l l as foaming problems o c c u r . The amount o f oxygen 

s u p p l i e d by t h e r o t o r i s c o n t r o l l e d by t h e d e p t h o f t h e r o t o r i n 

the l i q u i d , t h e r.p.m. o f t h e r o t o r and the d e s i g n o f t h e b l a d e s on 

the r o t o r (Loehr 1974). A c o mprehensive d i s c u s s i o n on t h e use and 

o p e r a t i o n o f t h e o x i d a t i o n d i t c h can be found i n t h e U.S. E.P.A. 

p u b l i c a t i o n " A e r o b i c Treatment o f L i v e s t o c k Wastes" by Jones e t a l . 

p u b l i s h e d i n 1972. Some o f t h e r e a s o n s t h a t t h e o x i d a t i o n d i t c h 

m i g ht be chosen o v e r t h e o t h e r p o s s i b l e t r e a t m e n t systems a r e : 

1. I t i s an o d o r l e s s p r o c e s s , w i t h the 

e x c e p t i o n o f s m a l l amounts o f ammonia 

a t t i m e s and an e a r t h y odor g i v e n o f f 

by t h e c o n t e n t s . 

2. I t has t h e a b i l i t y t o h a n d l e shock l o a d s . 

Once t h e system i s o p e r a t i n g p r o p e r l y , 

the d i t c h can a b s o r b b r i e f heavy l o a d i n g s 

w i t h o u t u p s e t t i n g t h e b i o l o g i c a l p r o c e s s . 

3. I t f i t s w e l l i n t o the f a r m e r s work s c h e d u l e , 

r e q u i r i n g v e r y l i t t l e a t t e n t i o n o r 

ma i n tenance. 

4. The p r o c e s s f i t s r e a d i l y under t h e l a b o r -

s a v i n g s l a t t e d , f l o o r system, e l i m i n a t i n g 

e x t r a pumping o r f l u s h i n g systems. 

5. I t i s a r e a s o n a b l y i n e x p e n s i v e p r o c e s s , 

both i n c a p i t a l c o s t and o p e r a t i n g c o s t . 
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The o x i d a t i o n d i t c h i s . n o t w i t h o u t i t s d i s a d v a n t a g e s 

as w e l l . Problems w i t h . b e a r i n g s , i m p r o p e r l y d e s i g n e d : r o t o r s , 

motors and b e l t s caused many f a i l u r e s w i t h t h e f i r s t u n i t s . The 

e x p e r i e n c e and knowledge g a i n e d from s o l v i n g t h e s e problems has 

been used i n t h e d e s i g n o f new equipment r e s u l t i n g i n fewer breakdowns 

and l e s s maintenance (Smart et_ aj_; 1975) • 

Most o x i d a t i o n d i t c h e s a r e o p e r a t e d on a c o n t i n u o u s 

f l o w b a s i s where the d i t c h i s kept f u l l t o the l e v e l o f an o v e r f l o w 

s l u i c e g a t e . The o v e r f l o w from the s l u i c e g a t e has l i t t l e o r no odor 

and i t s B.O.D.,. i s i n t h e range o f 2,000 t o 3,000 ppm. which i s 

u n a c c e p t a b l e f o r d i r e c t d i s c h a r g e i n t o a n a t u r a l body o f w a t e r . 

(Canada Animal Waste Management G u i d e ) . T h i s e f f l u e n t r e q u i r e s 

f u r t h e r t r e a t m e n t w h i c h u s u a l l y t a k e s the form o f an a e r a t e d lagoon 

o r s p r a y i r r i g a t i o n o n t o a land s u r f a c e . 

2.3 T h e r m o p h i l i c D i g e s t i o n o f Animal Wastes 

Up t o t h i s p o i n t t h e a n a e r o b i c and a e r o b i c systems d e s c r i b e d 

i n t h e t e x t have been o p e r a t i n g a t ambient t e m p e r a t u r e s . Temperature 

i s one o f t h e most i m p o r t a n t e n v i r o n m e n t a l parameters a f f e c t i n g 

the growth, a c t i v i t y and e v o l u t i o n o f organisms ( A l l e n 1953)-

2.3.1 Types o f M i c r o - o r g a n i s m s 

F a r r e l l and Campbell d e f i n e d t h r e e d i f f e r e n t t y p e s 

o f b a c t e r i a w h i c h may be i s o l a t e d from c u l t u r e media m a i n t a i n e d a t 
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t e m p e r a t u r e s above 55 C. They were as f o l l o w s : 

T. T h e r m o t o l e r a n t : 

These organisms a r e c o n s i d e r e d g e n e r a l l y 

t o b e a b l e t o grow and p r o l i f e r a t e best a t 

28°C t o k Q ° C and m e r e l y t o l e r a t e o r s u r v i v e 

a t t h e h i g h e r t e m p e r a t u r e s f o r s h o r t p e r i o d s . 

They do not re p r o d u c e a t t h e s e h i g h e r t e m p e r a t u r e s . 

2. F a c u l t a t i v e : 

These organisms a r e f a c u l t a t i v e i n t h a t they 

may grow a t more than one t e m p e r a t u r e range 

but p r e f e r t h e h i g h e r t h e r m o p h i l i c c o n d i t i o n s . 

3. O b l i g a t e : 

These o r g a n i s m s a r e o b l i g a t e d t o grow i n the 

t h e r m o p h i l i c range. They usua11y . p r o l i f e r a t e 

b e s t a t 60°C t o 65°C and show no growth below 

42°C. 

The t h e r m o p h i l i c o r heat l o v i n g d i g e s t i o n system was 

f i r s t d e v e l o p e d f o r t r e a t i n g m u n i c i p a l w a s t e w a t e r s . Kambhu and Andrews 

(1969) c o n d u c t e d a s e r i e s o f s i m u l a t i o n s t u d i e s u s i n g t h e r m o p h i l i c 

a e r o b i c b a c t e r i a . They showed t h a t by i n c r e a s i n g t h e oxygen t r a n s f e r 

e f f i c i e n c y and by t h i c k e n i n g t h e s l u d g e i t was t h e o r e t i c a l l y p o s s i b l e 

f o r t h e r m o p h i l i c a e r o b i c d i g e s t i o n o f m u n i c i p a l w a s t e w a t e r s t o be 

s e l f - g e n e r a t i n g w i t h r e s p e c t t o the heat r e q u i r e d . T h e r e f o r e , 

t h e r m o p h i l i c b a c t e r i a when s u p p l i e d w i t h enough oxygen and 
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c o n c e n t r a t e d n u t r i e n t s wi11 f u n c t i o n e x o t h e r m i c a l l y r e l e a s i n g 

s u f f i c i e n t heat t o m a i n t a i n t h e t e m p e r a t u r e o f t h e system above 

ambient c o n d i t i o n s . L a t e r works by Popel and Ohmnacht (1972) 

and Suruce e t a l . (1976) c o n t a i n n u m e r i c a l examples showing 

t h a t i t i s p o s s i b l e t o o p e r a t e a s e l f - s u s t a i n i n g system i n the 

t h e r m o p h i l i c range. 

2-3-2 F a c t o r s a f f e c t i n g the r a t e o f T h e r m o p h i l i c D i g e s t i o n 

There a r e s e v e r a l f a c t o r s w h i c h i n f l u e n c e the r a t e 

a t w h i c h the b i o d e g r a d a b l e v o l a t i l e s o l i d s (BVSS) w i l l be o x i d i z e d . 

BVSS r e p r e s e n t s t h o s e s o l i d s w h i c h can be broken down i n t o CO^ and 

Ho0 by t h e b a c t e r i a . 

1. C o n c e n t r a t i o n o f BVSS: 

An o p t i m a l c o n c e n t r a t i o n o f BVSS i n t h e waste 

s i n c e i t s e r v e s as t h e s o u r c e o f a v a i l a b l e 

n u t r i e n t s , m a i n l y c a r b o n and n i t r o g e n . When 

th e s e n u t r i e n t s , a l o n g w i t h o t h e r s , a r e 

a v a i l a b l e i n good s u p p l y they i n c r e a s e the 

growth r a t e w h i c h i n t u r n i n c r e a s e s t h e r e a c t i o n 

r a t e . 

2. Temperature: 

Temperature a f f e c t s t h e r a t e o f b i o c h e m i c a l and 

c h e m i c a l r e a c t i o n s . A c c o r d i n g t o the c l a s s i c 

thermodynamic d i s c o v e r y o f A r r h e n i u s , the 
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b i o c h e m i c a l r e a c t i o n r a t e f o l l o w s an e q u a t i o n 

w h i c h can be e m p i r i c a l l y e x p r e s s e d as 

c o n s t a n t , T i s the a b s o l u t e t e m p e r a t u r e , 

R i s the gas c o n s t a n t and E i s t h e energy o f 

a c t i v a t i o n ( m o d i f i c a t i o n S i n g l e t o n et_a_l_. 1973). 

M i x i n g : 

Adequate m i x i n g i s v e r y i m p o r t a n t i n o r d e r f o r 

t h e r m o p h i l i c d i g e s t i o n t o t a k e p l a c e . M i x i n g 

o f t h e medium a c c o m p l i s h e s two t h i n g s ^ i t removes 

i n h i b i t o r y end p r o d u c t s from t h e v i c i n i t y o f 

m i c r o b i a l c e l l m e t a b o l i s m and i t b r i n g s t h e c e l l 

i n t o c o n t i n u o u s c o n t a c t w i t h f r e s h n u t r i e n t s 

i n c l u d i n g oxygen. 

Oxygen T r a n s f e r Rate: 

The t r a n s f e r o f oxygen from t h e a i r , t h r o u g h t h e 

medium and i n t o t he c e l l i s an i m p o r t a n t f a c t o r 

i n t h e r m o p h i l i c d i g e s t i o n . The f a s t e r and more 

e f f i c i e n t l y oxygen i s t r a n s f e r r e d i n t o t he system 

th e q u i c k e r i t i s a v a i l a b l e f o r s u b s t r a t e o x i d a t i o n 

and subsequent heat energy r e l e a s e . 

C o m p o s i t i o n o f Sol i d s : 

In o r d e r f o r maximum growth t o o c c u r the n u t r i e n t s 

e.g. Carbon, N i t r o g e n and Phosphorus must not 

o n l y be p r e s e n t but a l s o a v a i l a b l e t o the c e l l 

i n b a l a n c e d amounts ( C o u l t h a r d 1973). 

d - l r v k 
dt 

E where k i s t h e r e a c t i o n r a t e 
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6. C o n c e n t r a t i o n o f N u t r i e n t s : 

The c o n v e r s i o n o f hy d r o c a r b o n s and c a r b o h y d r a t e s 

i n t o m i c r o b i a l e e l 1s and heat i s g i v e n by t h e 

f o l l o w i n g e q u a t i o n s . I t i s noted t h a t f o r e v e r y 

K i l o g r a m o f e e l 1 wt. s y n t h e s i z e d , 3,000 t o 7,600 

k i l o c a l o r i e s a r e produced, 

i ) f o r Hydrocarbons 

2 CH, + 2 0„ + 0.19 NH, + (P, K, S e t c ) »-
n k n 2 n k 

n (CH, A N , . Ash) + C0_ + 1.5 H.O + 200,000 K c a l . 1.70.5 0.19 n 2 n 2 

i i ) f o r C a r b o h y d r a t e s 

1.8 CH„0 + 0.8 0„ 0.19NH?" + (P, K, S e t c ) : 
n 2 n 2 H 

n (CH, _,0„ r N n , n A s h ) + 0.8 C 0 o + 1.3 H„0 + 80,000 K c a l . 1.7 0.5 0.19 n 2 n 2 

T h e r e f o r e , a h i g h c o n c e n t r a t i o n o f Carbon a l o n g w i t h o t h e r n u t r i e n t s 

w i l l i n c r e a s e t he r a t e o f r e a c t i o n and t h e p r o d u c t i o n o f hea t . 

7. C o n c e n t r a t i o n o f M i c r o - o r g a n i s m s : 

The v i a b l e e e l 1 d e n s i t y o r c o n c e n t r a t i o n o f 

m e t a b o l i z i n g m i c r o - o r g a n i s m s w i t h i n t h e medium 

w i l l d e t e r m i n e the. r a t e o f breakdown-of BVSS 
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i n t h a t the h i g h e r t h e p o p u l a t i o n t h e f a s t e r the 

r e a c t i o n r a t e . The s u r f a c e a r e a o f the a v e r a g e 

e e l 1 i s a measurement o f the e e l 1s a b i 1 i t y t o 

c o n t a c t t h e s u b s t r a t e and t o remove t h e r e a c t i o n 

p r o d u c t s . The s u r f a c e a r e a o f 0.8 gms o f wet 
12 

w e i g h t e e l 1s i . e . 10 c e l l s i s a p p r o x i m a t e l y 

50 square f e e t . Thus a d o u b l i n g o f the c e l l 

p o p u l a t i o n d o u b l e s t h e r e a c t i o n r a t e , p r o v i d e d 

o t h e r f a c t o r s a r e o p t i m a l f o r normal c e l l 

m e t a b o l i sm. 

8. Types o f M i c r o - o r g a n i s m s : 

The t y p e o f t h e r m o p h i l i c o r g a n i s m s found w i t h i n 

a t h e r m o p h i 1 i c p r o c e s s i s i n t e r - c o n n e c t e d w i t h 

t h e t e m p e r a t u r e and t i m e o f e x p o s u r e o f t h e system 

t o t h e r m o p h i l i c c o n d i t i o n s . A n o t h e r a s p e c t o f 

t h e t y p e o f m i c r o - o r g a n i s m s p r e s e n t i s t h e 

p o s s i b i l i t y o f p r e d a t o r s , i n h i b i t o r s and c o m p e t i t o r s 

i n t h e p o p u l a t i o n . The p r e s e n c e o f t h e s e 

m i c r o - o r g a n i s m s may lower t h e p o p u l a t i o n o f 

t h e r m o p h i l e s and a d v e r s e l y a f f e c t the r e a c t i o n r a t e . 

Surucu'i. (1975) found t h a t t h e n u t r i t i o n a l r e q u i r e m e n t s 

of pure c u l t u r e s were much more e x a c t i n g than t h e r e q u i r e m e n t s f o r 

a mixed c u l t u r e . T h i s may i n d i c a t e t h a t a t r u e s y n e r g i s t i c o r 

c o - o p e r a t i v e r e l a t i o n s h i p may e x i s t between s p e c i e s o f t h e r m o p h i l e s 

i . e . t h e a b i l i t y o f two o r g a n i s m s t o b r i n g about changes which 

n e i t h e r can a c c o m p l i s h a l o n e . 
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2.3-3 Advantages o f T h e r m o p h i l i c D i g e s t i o n 

T h e r m o p h i l i c d i g e s t i o n has s e v e r a l advantages o v e r 

th e t r e a t m e n t systems a l r e a d y d i s c u s s e d . The most o b v i o u s o f c o u r s e 

i s t h e h i g h r e a c t i o n . r a t e w h i c h means a s h o r t d e t e n t i o n t i m e . 

The t h e r m o p h i l i c b a c t e r i a w i l l e n a b l e t h e t r e a t m e n t o r d e g r a d a t i o n 

o f c o n c e n t r a t e d b i o d e g r a d a b l e o r g a n i c wastes t o be completed i n a 

s h o r t e r time (Surucu 1975)- Matsch and D r n e v i c h (1977) c a l c u l a t e d 

t h a t an a e r o b i c d i g e s t e r o p e r a t i n g a t 50°C c o u l d a c h i e v e t h e same 

degree o f d e g r a d a t i o n a t one h a l f t h e r e t e n t i o n t i m e o f a system 

o p e r a t i n g a t 20°C. 

Hig h e r maintenance energy r e q u i r e m e n t s and h i g h e r 

m i c r o b i a l decay c o e f f i c i e n t s f o r t h e r m o p h i l i c b a c t e r i a have been 

r e p o r t e d by Matsch and Andrews (1973) and A l l e n (1953)- T h i s means 

t h a t a t h e r m o p h i l i c d i g e s t e r has an advantage o v e r a m e s o p h i l i c 

one because the amount o f s l u d g e r e q u i r i n g u 11 i ma t e d i s p o s a l would 

be l e s s . 

P athogens, v i r u s e s , f u n g i and p a r a s i t e s cannot s u r v i v e 

i n the m o i s t , hot environment o f a t h e r m o p h i l i c d i g e s t e r (Bragg 

e t a l _ . 1975). 

2.3.4 T h e r m o p h i l i c D i g e s t i o n o f Farm Animal Wastes 

The use o f t h e r m o p h i l i c d i g e s t i o n f o r t h e t r e a t m e n t 

o f farm animal wastes has not been w i d e l y s t u d i e d . At the U n i v e r s i t y 

o f B r i t i s h Columbia t h e r e has been a l a r g e amount o f work done i n t h e 
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a r e a o f t h e r m o p h i l i c d i g e s t i o n o f farm a n i m a l waste e s p e c i a l l y 

swine waste (Bragg £t a_l_. 1975; K i t t s e t a l _ . 1974; C o u l t h a r d 1973; 

C o u l t h a r d & Hendren 1973; C o u l t h a r d and Towns 1 ey 1973). These 

s t u d i e s have r e s u l t e d i n t h e d e s i g n o f a s i m p l e , e f f i c i e n t 

t h e r m o p h i l i c d i g e s t e r which can be adapted t o many uses both 

a g r i c u l t u r a l and m u n i c i p a l . C o u l t h a r d e t a l . (1974) c a r r i e d o ut 

f e r m e n t a t i o n s on m u n i c i p a l , p o u l t r y , s w i n e , d a i r y and beef f e e d l o t 

wastes i n both b a t c h and c o n t i n u o u s p r o c e s s i n g . The r e s u l t s o f 

the s e t e s t s show t h a t i t i s p o s s i b l e f o r a t h e r m o p h i l i c d i g e s t e r 

u t i l i z i n g f arm animal wastes t o be s e l f - s u s t a i n i n g i n terms o f 

te m p e r a t u r e . The two most i m p o r t a n t f a c t o r s f o r t h e maintenance 

o f t h e r m o p h i l i c b a c t e r i a have been found t o be an adequate s u p p l y 

o f oxygen i . e . D.O. l e v e l p r e f e r a b l y above 1.0 mg/1. c o u p l e d w i t h 

v i g o r o u s m i x i n g t o s t r i p t he CO^ from the c e l l s and b r i n g them i n t o 

c o n t a c t w i t h new s o u r c e s o f n u t r i e n t s . These r e s u l t s a g r e e w i t h t h o s e 

o f Popel and Ohnmacht (1972) and Matsch and D r n e v i c h (1977). However, 

t h e r e s u l t s o f t e s t s w i t h m u n i c i p a l s l u d g e a t U.B.C. show a much 

h i g h e r t e m p e r a t u r e i s a c h i e v e d than t h a t i n t h e s t u d y by Matsch and 

D r n e v i c h (1977). At U.B.C. t e m p e r a t u r e s o f 60°C-72°C have been 

normal w i t h m u n i c i p a l s l u d g e ( C o u l t h a r d 1975)- T h i s d i s a g r e e s 

w i t h Matsch and D r n e v i c h 1 s statement t h a t a u t o t h e r m a l a e r o b i c d i g e s t i o n 

i s a s e l f - l i m i t i n g u n i t w i t h an upper l i m i t o f 60°C. T h i s d i f f e r e n c e 

c o u l d be due t o a more c o n c e n t r a t e d s l u d g e a t U.B.C., d i f f e r e n t 

p o p u l a t i o n s o f m i c r o - o r g a n i s m s o r a more e f f i c i e n t oxygen t r a n s f e r 

i n t h e U.B.C. u n i t . 
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Other s t u d i e s c a r r i e d out a t U.B.C. have been co n c e r n e d 

w i t h the s u i t a b i 1 i t y o f the p r o d u c t o f f e r m e n t a t i o n as a fe e d 

supplement f o r a n i m a l s . W i t h t he i n g r e d i e n t s c u r r e n t l y i n use, 

swine d i e t s a r e 8$% d i g e s t i b l e . T h i s l e a v e s 15% t o be used as a 

s u b s t r a t e f o r f e r m e n t a t i o n by m i c r o - o r g a n i s m s . T h i s 15% which i s 

not d i g e s t e d b e g i n s t o undergo c h e m i c a l changes caused by s e c r e t i o n s 

i n t o t h e i n t e s t i n e and c o n t i n u e s t o change a f t e r b e i n g e x c r e t e d . 

M i c r o f l o r a m a r k e d l y change t h e n i t r o g e n o u s components i n f e c a l m a t e r i a l . 

(Harmon e t _ a j _ . 1970). The n i t r o g e n components a r e the most v a l u a b l e 

i n waste. W h i l e r u m i n a n t s can u t i l i z e t he s i m p l e r p r o d u c t s such as 

urea and u r i c a c i d , swine r e q u i r e t h a t a m i n o - a c i d s be preformed i n 

the d i e t . 

S t u d i e s performed by S i n g l e t o n e t al.(1973) showed t h a t 

p r o t e i n s from t h e r m o p h i l i c b a c t e r i a appeared t o be s i m i l a r t o t h a t 

o f m e s o p h i l i c o r g a n i s m s w i t h r e s p e c t t o m o l e c u l a r w e i g h t , a m i n o - a c i d 

c o m p o s i t i o n , and p r i m a r y sequences o f a m i n o - a c i d s . M a t e l e s (1968) 

c a r r i e d o ut s t u d i e s on the growth o f a t h e r m o p h i l i c m i c r o - o r g a n i s m 

on h y d r o c a r b o n s . He c o n c l u d e d t h a t t h e p r o t e i n c o n t e n t o f t h e r m o p h i l i c 

o r g a n i s m s and t h e a m i n o - a c i d c o m p o s i t i o n o f the p r o t e i n would be 

b e t t e r n u t r i t i o n a l l y than t h a t p r e v i o u s l y d e s c r i b e d f o r s o u r c e s o f 

s i n g l e - c e l l p r o t e i n . 

The U.B.C. s t u d i e s (Bragg e t _ a j _ . 1975) showed t h a t 

t h e r m o p h i l i c p r o c e s s e d animal waste can be i n c o r p o r a t e d i n t o a c h i c k 

s t a r t e r d i e t a t 5% and 10% o f the r a t i o n w i t h o u t a d v e r s e e f f e c t s on 

th e r a t e o f growth arid f e e d c o n v e r s i o n r a t i o . C o u l t h a r d (1973) l i s t e d 
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t h e p r o t e i n a n a l y s e s o f t h e v a r i o u s components o f t h e p r o c e s s e d 

s l u r r y . The t o t a l p r o c e s s e d s l u r r y had a c r u d e p r o t e i n v a l u e o f 

17% (dry w e i g h t b a s i s ) . The f i n e , a p p r o a c h i n g c o l l o i d a l s i z e , 

s o l i d s which, s e t t l e o u t s l o w l y had a c r u d e p r o t e i n l e v e l o f 30%, 

and c o l l o i d a l c e n t r i f u g e d s o l i d s from t h e s u p e r n a t a n t was i n t h e 

range o f $0% c r u d e p r o t e i n . These r e s u l t s a g r e e w i t h t h o s e o f 

Holmes (1971) who found t h a t most o f t h e d r y m a t t e r and t h e p r o t e i n 

i n t h e c o n t e n t s o f an o x i d a t i o n d i t c h were c o n t a i n e d i n t h e p a r t i c l e s 

o f t h e s m a l l e s t s i z e . Subsequent a n a l y s e s o f f r a c t i o n s a r i s i n g . f r o m 

p a s s i n g t h r o u g h a 20, 50, 100 and 200 mesh s c r e e n show a l i n e a r 

i n c r e a s e i n amino a c i d c o n c e n t r a t i o n as p a r t i c l e s i z e d e c r e a s e s 

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

3.1 P o u l t r y Waste 

T r i v e l i n (1961) s t u d l e d t h e a p p l i c a t i o n o f c h i c k ' s f e c e s from 

a b a t t e r y b r o o d e r i n the f e e d i n g o f w e a n l i n g p i g s . A b a s a l r a t i o n 

s u b s t i t u t e d w i t h 5%, 10% and 15% o f t h a t b a s a l r a t i o n was used w i t h 

s i m i l a r p r o p o r t i o n s o f c h i c k ' s f e c e s . S t a t i s t i c a l s i g n i f i c a n c e among 

t r e a t m e n t s were not o b s e r v e d . R e s u l t s measured i n terms o f aver a g e 

d a i l y g a i n and f e e d c o n v e r s i o n i n d i c a t e d t h a t s u b s t i t u t i o n i n the 

r a t i o n o f 5% t o 10% by equal p r o p o r t i o n s o f c h i c k f e c e s produced 

s a t i s f a c t o r y r e s u l t s , t h e 5% p r o p o r t i o n b e i n g the most advantageous. 

G e r i (1968) f e d young p i g s a d i e t c o n t a i n i n g p o u l t r y manure 

s u b s t i t u t e d f o r bran a t l e v e l s o f 7-10% f o r a p e r i o d o f f o u r weeks. 

Those a n i m a l s f e d manure c o n t a i n i n g d i e t s had lower d a i l y w e i g h t 

g a i n and h i g h e r f e e d i n t a k e per k i l o g r a m g a i n e d . The younger p i g s 

(17 k g . ) , when f e d t h e manure s u b s t i t u t e d d i e t s , were not as h e a l t h y 

as t h e c o n t r o l (many d e v e l o p e d d i a r r h e a ) . In a l a t e r t r i a l a n t i ­

b i o t i c s and v i t a m i n were added t o the d i e t and l a r g e r p i g s (33 kg.) 

were used. W i t h t h e s e changes the d a i l y g a i n and f e e d e f f i c i e n c i e s 

were s l i g h t l y b e t t e r than the c o n t r o l . F e e d i n g t r i a l s a t th e Harper 

Adams A g r i c u l t u r a l C o l l e g e ( B l a i r and K n i g h t 1973) have shown t h a t 

D r i e d P o u l t r y Waste (DPW) can be i n c l u d e d i n swine r a t i o n s a t a 

l e v e l o f 5% w i t h o u t i n f l u e n c i n g growth r a t e and fee d e f f i c i e n c y . 

A t l e v e l s o f 10% DPW i n the f e e d growth r a t e and f e e d e f f i c i e n c y were 

d e p r e s s e d . Perez-Aleman e t a l (1971) s t u d i e d t h e e f f e c t s o f 
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s t e r i l i z e d DPW as an a d d i t i v e t o a c o n v e n t i o n a l d i e t , a t l e v e l s o f 

10%, 20% and 301, f o r g r o w i n g ; p i g s from 23 kg. t o 85 kg. l i v e w e i g h t . 

The p i g s remained h e a l t h y and no a d v e r s e a f f e c t s t o th e c a r c a s s e s 

were n o t e d . I t was found t h a t f o r e v e r y 10% a d d i t i o n o f manure, 

growth r a t e was reduced by 0.02. kg/day, f e e d c o n v e r s i o n e f f i c i e n c y 

by 0.25 u n i t s and d r e s s i n g o u t p e r c e n t a g e by 0.96%. L a t e r work by 

Denisov (1975) tended t o s u p p o r t t h e s e f i n d i n g s . 

In s p i t e o f i t s a d v e r s e e f f e c t on gro w t h , manure when i n c l u d e d 

i n t h e d i e t d e c r e a s e d t h e b a c k f a t t h i c k n e s s and i n c r e a s e d the m e a t : f a t 

r a t i o w h i c h might improve the o v e r a l l g r a d i n g o f th e c a r c a s s e s ( P e r e z -

Aleman et_ aj_. 1971; O s t e r c 1972; Denisov et_ a_l_. 1975). S i n c e t h e 

manure c o n t a i n s l a r g e amounts o f f i b r e and ash and t h e r e f o r e r e l a t i v e l y 

low d i g e s t i b l e e n e r g y , O s t e r c (1972) c o n c l u d e d t h a t t h e use o f DPW 

f o r f i n i s h i n g swine was a c c e p t a b l e o n l y when t h e r a t i o n was a d j u s t e d 

t o b a l a n c e t he low energy v a l u e . 

3.2 Swine Waste 

The r e f e e d i n g o f swine waste has not p r o g r e s s e d a t the same 

r a t e as t h e r e f e e d i n g o f DPW and c a t t l e waste t o r u m i n a n t s . Diggs 

e_t a_l_. (1965) r e p o r t e d t h a t a v e r a g e d a i l y g a i n and fee d e f f i c i e n c y 

o f swine f e d a f a t t e n i n g r a t i o n c o n t a i n i n g 15% d r i e d swine waste 

was s i m i l a r t o th e performance o f a n i m a l s f e d a t y p i c a l c o r n - s o y b e a n 

meal c o n t r o l r a t i o n . Other s t u d i e s w i t h swine manure s u b j e c t e d t o 

a n a e r o b i c d i g e s t i o n and added a t 24.5% t o a f o r t i f i e d c o r n soybean 
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meal d i e t , have shown t h i s m i x t u r e t o s u p p o r t s a t i s f a c t o r y g a i n 

and f e e d e f f i c i e n c y i n r a t s . (Harmon e t a l . 1969)- However, l a t e r 

s t u d i e s by Harmon et_a_l_. 1973 f a i l e d t o d u p l i c a t e t h e s e r e s u l t s . 

In t h i s second t r i a l d r i e d swine waste s o l i d s c o l 1ected from t h e 

s u r f a c e o f a s e t t l i n g skimming t a n k and i n c o r p o r a t e d i n t o t y p i c a l 

c o r n - s o y d i e t s a t 10% as a c o r n r e p l a c e m e n t o r a t 16.8% f o r r e p l a c i n g 

3% o f t h e soybean meal d e p r e s s e d w e i g h t g a i n a n d f e e d e f f i c i e n c y 

i n r a t s . Orr e t a l . (1970 r e p o r t e d s i m i l a r growth d e p r e s s i o n s 

i n f i n i s h i n g swine as a r e s u l t o f u s i n g d r i e d swine waste t o r e p l a c e , 

o n e - t h i r d o f t h e p r o t e i n i n a c o r n - s o y d i e t c o n t a i n i n g 13% c r u d e 

p r o t e i n . F u r t h e r s t u d i e s by Harmon e t a l . (1973) w i t h swine waste 

o x i d a t i o n d i t c h l i q u o r seemed t o i n d i c a t e t h a t t he f l u i d , when mixed 

w i t h a 12% c o r n - s o y d i e t a t two p a r t s o f l i q u i d per p a r t o f d r y f e e d , 

caused a s m a l l , but c o n s i s t e n t improvement i n w e i g h t g a i n and f e e d 

e f f i c i e n c y when compared t o th e c o n t r o l group w h i c h had had t h e i r 

f e e d mixed w i t h w a t e r . 

H o l l a n d e t a l , . (1975) conducted a f e e d i n g t r i a l u s i n g u n p r o c e s s e d 

wet swine manure and d r i e d swine manure. The manure was c o l l e c t e d 

from f i n i s h i n g hogs and f e d t o g i l t s w i t h an aver a g e body w e i g h t o f 

125 l b s . The f e c e s were found t o be o f l e s s n u t r i t i v e v a l u e than 

t h e b a s a l c o r n - s o y b e a n meal r a t i o n , however, the n u t r i e n t s c o n t a i n e d 

i n t he f e c e s were i n a form u s a b l e by th e a n i m a l . 
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4. EXPERIMENTAL 

4.1 Design o f E x p e r i m e n t a l Equipment 

4.1.1 T h e r m o p h i l i c P r o c e s s U n i t 

Most o f the e x p e r i m e n t a l work a t the U n i v e r s i t y o f 

B r i t i s h Columbia i n v o l v i n g t h e r m o p h i l i c a e r o b i c t r e a t m e n t o f wastes 

has been performed u s i n g the same p r o c e s s u n i t . The u n i t c o n s i s t s 

o f two f e r m e n t e r s each w i t h i t s own m i x e r and a i r s p a r g e r . 

4.1.2 Fermenter D e s i g n 

F i g u r e 1, a s c h e m a t i c o f one o f t h e f e r m e n t e r s , s e r v e s 

t o i l l u s t r a t e t he d e s i g n and l a y o u t o f the tank. The two f e r m e n t e r s 

a r e c o n s t r u c t e d o f f i b r e g l a s s i n o r d e r t o reduce the c o s t and 

p r e v e n t t h e c o r r o s i o n and c o n t a m i n a t i o n w h i c h ' I s p o s s i b l e from 

a metal tank. Each f e r m e n t e r i s f i v e f e e t h i g h and f o u r f e e t i n 

d i a m e t e r . The bottom i s rounded on the i n s i d e t o a i d the m i x i n g 

a c t i o n . The o p e r a t i n g c a p a c i t y o f each o f t h e s e two tanks i s 

50 c u . f t . (approx. 300 g a l l o n s ) w i t h a t o t a l c a p a c i t y o f 62 c u . f t . 

(388 g a l l o n s ) . F i t t i n g s a r e p r o v i d e d which e n a b l e t h e two t a n k s 

t o be j o i n e d i n s e r i e s so t h a t a c o n t i n u o u s f e r m e n t a t i o n can be 

c a r r i e d o u t i n a d d i t i o n t o t h e normal b a t c h o p e r a t i o n . Each t a n k 

has an o u t l e t and v a l v e l o c a t e d a t t h e bottom t o a l l o w d r a i n i n g 

of t h e c o n t e n t s when r e q u i r e d . I n s u l a t i o n f o r t h e t a n k s c o n s i s t s 
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o f a one i n c h t h i c k s t y r o f o a m b l a n k e t bonded t o t h e o u t s i d e and 

c o v e r e d w i t h a p r o t e c t i v e l a y e r o f canvas and epoxy r e s i n . The 

t a n k s a r e p l a c e d d i r e c t l y on the ground w i t h no c o n c r e t e f o o t i n g s 

o r f o u n d a t i o n s . The tops o f t h e f e r m e n t e r s a r e not e n c l o s e d and 

a r e open t o t h e a i r . 

4.1.3 M i x e r Des ign 

Adequate m i x i n g and a g i t a t i o n o f t h e l i q u i d i s a v i t a l 

p a r t o f the t h e r m o p h i l i c a e r o b i c d i g e s t i o n o f animal wastes 

( C o u l t h a r d 1973). D u r i n g the e a r l y t e s t s much o f t h e r e s e a r c h was 

d i r e c t e d towards f i n d i n g a s u i t a b l e d e s i g n f o r a m i x e r . 

For a normal f e r m e n t a t i o n the depth o f l i q u i d i n t h e 

tank i s f o u r and a h a l f t o f i v e f e e t . The t o t a l l e n g t h o f the 

m i x e r s h a f t i s seven f e e t . Designs u s i n g a b e a r i n g a t e i t h e r end o f the 

s h a f t showed t h a t t h e b e a r i n g w h i c h was submerged was s u b j e c t t o 

r a p i d wear, and r e q u i r e d f r e q u e n t r e p l a c e m e n t ( C o u l t h a r d -

p e r s o n a l c o m m u n i c a t i o n ) . T h i s l e d t o a d e s i g n w i t h both b e a r i n g s 

p l a c e d a t one end o f t h e s h a f t , above t h e l e v e l o f the l i q u i d i n 

t h e f e r m e n t e r . For t h i s d e s i g n the s h a f t was o f s t a i n l e s s s t e e l 

two i n c h e s i n d i a m e t e r and was h o l l o w i n o r d e r t o reduce the l o a d 

on t h e motor. S t a i n l e s s s t e e l was chosen because o f i t s r e s i s t a n c e 

t o c o r r o s i o n . I t was d i s c o v e r e d t h a t t h i s s h a f t had v a r i a t i o n s 

i n i t s d i a m e t e r a l o n g i t s l e n g t h o f p l u s o r minus f i v e t h o u s a n d t h s 

of an i n c h . T h i s was due t o t h e e x t r u s i o n p r o c e s s used i n the 
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m a n u f a c t u r i n g . These v a r i a t i o n s caused problems i n f i t t i n g t h e 

b e a r i n g s t o the s h a f t and a l s o caused t h e s h a f t s t o b e o u t o f 

b a l a n c e . The poor f i t o f the b e a r i n g s and the uneven w e i g h t 

d i s t r i b u t i o n caused e x c e s s i v e v i b r a t i o n i n t h e s h a f t which i n 

t u r n r e s u l t e d i n r a p i d wear and u n a c c e p t a b l y s h o r t b e a r i n g l i f e . 

The most r e c e n t d e s i g n , shown i n F i g u r e s 2 and 3 

u t i l i z e s a s o l i d s t a i n l e s s s t e e l s h a f t one and a h a l f i n c h e s i n 

d i a m e t e r . The s o l i d s h a f t i s m anufactured by a d r a w i n g p r o c e s s 

w h i c h r e s u l t s i n the d i a m e t e r b e i n g much more u n i f o r m . Two heavy-

d u t y f l a n g e b e a r i n g s mounted e i g h t i n c h e s a p a r t a r e used t o s u p p o r t 

and g u i d e the m i x e r s h a f t . These b e a r i n g s , i n t u r n , a r e b o l t e d 

t o a s u p p o r t i n g metal framework w h i c h a l s o s e r v e s as a mount f o r 

t h e motor. Because o f t h e i n c r e a s e d w e i g h t o f t h e s h a f t a two 

H.P. e l e c t r i c motor i s used i n s t e a d o f the normal one and a h a l f 

H.P. motor used i n t h e e a r l i e r d e s i g n s . A t o t a l l y e n c l o s e d motor 

i s used t o a v o i d damage due t o d u s t o r a b u i l d - u p of foam i n the 

f e r m e n t e r . The motor and m i x e r s h a f t a r e c o n n e c t e d by a d o u b l e 

V - b e l t p u l l e y which reduces t h e r.p.m. by 50 p e r c e n t r e s u l t i n g 

i n a f i n a l s h a f t speed o f 880 r.p.m. The m i x e r u n i t as a whole i s 

mounted on a wooden frame which r e s t s a c r o s s t h e top o f t h e 

f e r m e n t e r . Rubber b u s h i n g s a r e used between t h e m i x e r bases and 

t h e wooden frame i n o r d e r t o reduce t h e amount o f v i b r a t i o n 

t r a n s m i t t e d t o the tank. 

The s o l i d s h a f t m i x e r was i n s t a l l e d i n F e b r u a r y 1976 

and has not r e q u i r e d a change o f b e a r i n g s t o - d a t e . 
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4.1.4 Ag i t a t i o n 

A g i t a t i o n o f . t h e l i q u i d i s a c c o m p l i s h e d by a f o u r b l a d e d 

p r o p e l l e r a t t a c h e d t o . t h e end o f t h e s h a f t . T h i s p r o p e l l e r has a 

d i a m e t e r o f f o u r i n c h e s from t i p t o t i p and the b l a d e s a r e p i t c h e d 

a t ; a 45°:angle. F i g u r e s 4 and 5 i l l u s t r a t e t he m i x i n g a c t i o n i n the 

tank. Four wooden b a f f l e s a r e spaced 90° a p a r t around t h e i n s i d e o f 

the tank t o i n s u r e c o m plete m i x i n g . The p r o p e l l e r has two f u n c t i o n s 

one i s a g i t a t i o n o f t h e l i q u i d and t h e o t h e r i s m i x i n g i n t h e a i r 

s u p p l i e d by t h e s p a r g e r s . T h i s c o m b i n a t i o n o f m i x i n g and a e r a t i o n 

g i v e s t h e most e f f i c i e n t t r a n s f e r o f oxygen from t h e gas t o t h e 

1iquid (Hatch 1975)• 

4.1.5 A e r a t i o n 

Oxygen i n t h e form o f compressed a i r i s s u p p l i e d t o 

both f e r m e n t e r s by a J a c u z z i Model 331 compressor mounted on a 

p r e s s u r e tank. Each f e r m e n t e r has i t s own a i r l i n e equipped w i t h 

a v a l v e and an a i r f l o w meter so t h a t the amount o f a i r b e i n g s u p p l i e d 

can be c a r e f u l l y c o n t r o l l e d and i n d e p e n d e n t l y r e c o r d e d . The f l o w 

meters used a r e Roger G i l m o n t S i z e #5 w h i c h measure a i r f l o w o v e r 

the range o f 5,000 ml/min t o 75,000.ml/min. In o r d e r t o maximize 

the oxygen t r a n s f e r e f f i c i e n c y a i r s p a r g e r s a r e used. These 

s p a r g e r s a r e mounted d i r e c t l y beneath the p r o p e l l e r s o f the m i x e r s . 

C u r r e n t l y , two ty p e s o f s p a r g e r s a r e i n use a t U.B.C. These a r e 

shown i n F i g u r e s 6 and 7- The f i r s t t y p e ( F i g u r e 6) c o n s i s t s o f 
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a f l a t p l a t e a t t a c h e d o v e r t h e a i r o u t l e t . The p u r p o s e o f t h i s 

p l a t e i s t o b r e a k t h e i n c o m i n g s t r e a m o f a i r i n t o smal1 b u b b l e s 

o v e r a w i d e r a r e a . The f u n c t i o n o f t h e b a l l b e n e a t h t h e p l a t e 

i s t o b l o c k t h e a p e r t u r e o f t h e a i r l i n e i n t h e e v e n t o f a c o m p r e s s o r 

f a i l u r e and p r e v e n t t h e a i r l i n e f r o m becoming p l u g g e d . The second 

t y p e o f s p a r g e r ( F i g u r e 7) i s shaped l i k e an i n v e r t e d c o n e , t h e 

s l o p i n g s i d e s o f t h i s cone have c h a n n e l s s p a c e d e v e n l y a r o u n d t h e i r 

c i r c u m f e r e n c e . The a i r s t r e a m f r o m t h e c o m p r e s s o r s t r i k e s t h e p o i n t 

o f t h e c o n e and s p r e a d s up t h e c h a n n e l s . T h i s i n s u r e s t h e b r e a k i n g -

up o f t h e a i r s t r e a m and t h e f o r m a t i o n and even d i s t r i b u t i o n o f s m a l l 

b u b b l e s i n t o t h e l i q u i d . T h i s s e c o n d t y p e o f s p a r g e r i s a l s o 

e q u i p p e d w i t h a b a l l t o p r e v e n t p l u g g i n g o f t h e a i r l i n e . 

4.1.'6 Foam B r e a k e r s 

D u r i n g t h e e a r l y s t a g e s o f a new f e r m e n t a t i o n l a r g e 

amounts o f foam a r e p r o d u c e d . T h i s f o a m , c o n s i s t i n g o f v e r y s m a l l 

b u b b l e s w i t h t h i c k membranes i s q u i t e f i r m and s t a b l e . T h i s 

s t a b i l i t y , can l e a d t o an a c c u m u l a t i o n o f foam i n t h e t o p o f t h e 

f e r m e n t e r t o such a d e g r e e t h a t i t o v e r f l o w s t h e s i d e s o f t h e 

f e r m e n t e r . O v e r f l o w i n g c a n r e s u l t i n a p h y s i c a l l o s s o f t h e 

s u b s t r a t e , i n t e r f e r e n c e w i t h e l e c t r i c a l e q u i p m e n t , r e d u c t i o n i n 

t e m p e r a t u r e a n d , b e c a u s e t h e t e m p e r a t u r e o f t h e foam i s l o w e r t h a n 

t h e t e m p e r a t u r e o f t h e l i q u i d , l e s s , e f f e c t i v e . p a t h o g e n k i l l . 

In t h e l a t e r s t a g e s o f t h e f e r m e n t a t i o n t h e i n c r e a s e 

i n t e m p e r a t u r e t e n d s t o d e c r e a s e t h e s u r f a c e t e n s i o n o f t h e l i q u i d . 
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A d e c r e a s e i n t h e s u r f a c e t e n s i o n produces a foam w h i c h has l a r g e r 

b u b b l e s w i t h t h i n n e r membranes.which a r e more s e n s i t i v e t o v i b r a t i o n , 

t u r b u l e n c e , wind c u r r e n t s e t c . and b u r s t more r e a d i l y . As a r e s u l t 

t h i s foam does not a c c u m u l a t e t o t h e p o i n t o f o v e r f l o w i n g . 

l n the e a r l y s t a g e s , c o n t r o l o v e r t h e l e v e l o f foam 

i n the f e r m e n t e r was a c c o m p l i s h e d by a m e c h a n i c a l d e v i c e c o n s i s t i n g 

o f a b l a d e welded t o a s h a f t w h i c h i s a t t a c h e d t o a 1/4 H.P. e l e c t r i c 

motor. O r i g i n a l 1 y , t h e b l a d e was b o l t e d t o the end o f the s h a f t , 

however, v i b r a t i o n tended to l o o s e n the b o l t and when c o u p l e d w i t h 

r o t a t i o n of the s h a f t caused t h e b o l t t o unscrew i t s e l f r e s u l t i n g 

i n the l o s s o f the b l a d e . 

The foam i s sheared m e c h a n i c a l l y by t h e b l a d e i n o r d e r 

t o m a i n t a i n a c o n s t a n t l e v e l . The motor i s e n c l o s e d and mounted 

on t h e same wooden framework w h i c h s u p p o r t s t h e m i x e r . 

4.2 Energy Requirements f o r M a i n t e n a n c e o f Fermenter Temperature 

4.2.1 I n t r o d u c t i o n 

S t u d i e s i n v o l v i n g t h e r m o p h i l i c a e r o b i c d i g e s t i o n a t 

U.B.C. have r e p e a t e d l y shown t h a t d u r i n g f e r m e n t a t i o n s , s u b s t r a t e 

t e m p e r a t u r e s o f 60°C-65°C can be m a i n t a i n e d o v e r a p e r i o d o f s e v e r a l 

days o r weeks ( C o u l t h a r d 1973)• However, whether o r not the t o t a l 

e nergy r e q u i r e d t o m a i n t a i n t h e t e m p e r a t u r e came from m i c r o b i a l 

a c t i o n was not known. In o r d e r t o i n v e s t i g a t e what e f f e c t s the 

m e c h a n i c a l a c t i o n o f a g i t a t i o n arid a e r a t i o n have on heat p r o d u c t i o n 
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and t e m p e r a t u r e m a i n t e n a n c e , and t h e r e l a t i v e i n s u l a t i o n v a l u e o f 

foam compared t o s t y r o f o a m a number o f e x p e r i m e n t s were d e s i g n e d 

r e l a t i v e t o the f o l l o w i n g o b j e c t i v e s : 

a. To i n v e s t i g a t e the e f f e c t o f m e c h a n i c a l energy 

from a g i t a t i o n on t h e t o t a l amount o f energy 

r e q u i r e d t o m a i n t a i n a g i v e n t e m p e r a t u r e . 

b. To i n v e s t i g a t e the combined e f f e c t s o f a g i t a t i o n 

and a e r a t i o n on the t o t a l energy r e q u i r e d t o 

m a i n t a i n a g i v e n t e m p e r a t u r e . 

c. To i n v e s t i g a t e t h e e f f e c t o f a e r a t i o n on the 

t o t a l amount o f energy r e q u i r e d t o m a i n t a i n a 

g i v e n t e m p e r a t u r e . 

d. To examine t h e v a r i a t i o n between t h e energy i n p u t 

r e q u i r e d f o r t e m p e r a t u r e maintenance w i t h a s t y r o f o a m 

c o v e r on the top f o r i n s u l a t i o n as compared t o 

d e t e r g e n t foam as i n s u l a t i o n . 

4.2.2 M a t e r i a l s and Methods 

a. I n t r o d u c t i o n 

Fermenter #2 a t U .BiC.'s T h e r m o p h i l i c U n i t was 

d r a i n e d o f a l l o r g a n i c m a t t e r and t h e i n s i d e was then scrubbed w i t h 

a brush and r i n s e d s e v e r a l t i m e s w i t h hot w a t e r . Al1 accumu1 a t ions 

o f o r g a n i c m a t t e r were removed from t h e m i x e r s u p p o r t and foam 
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b r e a k e r as w e l l . . T h e • e l i m i n a t i o n o f o r g a n i c m a t t e r was t o e n s u r e 

t h a t d u r i n g t h e e x p e r i m e n t s t h e r e would be no p o s s i b i l i t y o f 

s i g n i f i c a n t heat p r o d u c t i o n from m i c r o b i a l a c t i v i t y . Energy f o r 

i n c r e a s i n g and m a i n t a i n i n g t h e t e m p e r a t u r e , a s i d e from t h a t w h i c h 

might be s u p p l i e d by a e r a t i o n and a g i t a t i o n , would come from two 

1,500 w a t t 220 v o l t water h e a t e r e l e m e n t s . These h e a t e r elements 

were mounted t h r o u g h the w a l l o f the f e r m e n t e r 15 i n c h e s above 

ground l e v e l and spaced T80 degrees a p a r t . The f e r m e n t e r was then 

f i l l e d w i t h t a p wat e r and a c o v e r made from a one i n c h t h i c k 

s t y r o f o a m s h e e t which was then f i t t e d t o t h e top o f t h e f e r m e n t e r . 

b. Temperature R e g u l a t i o n 

For t h i s s e t o f e x p e r i m e n t s a t e m p e r a t u r e o f 65°C 

was chosen as a r e p r e s e n t a t i v e f e r m e n t e r t e m p e r a t u r e l e v e l d u r i n g 

normal t h e r m o p h i l i c f e r m e n t a t i o n o f hog waste. The f e r m e n t e r 

t e m p e r a t u r e was r e g u l a t e d by c o n t r o l l i n g t h e amount o f e l e c t r i c 

power r e a c h i n g t h e h e a t e r e l e m e n t s . D u r i n g t h e i n i t i a l s t a g e o f t h e 

ex p e r i m e n t when a s t e e p r i s e i n t e m p e r a t u r e up t o 65°C was d e s i r e d 

th e power was u n i n t e r r u p t e d . Once t h e d e s i r e d t e m p e r a t u r e o f 65°C 

was reached the power was s u p p l i e d t o the h e a t e r s i n s m a l l p u l s e s . 

The f r e q u e n c y and s t r e n g t h o f t h e s e p u l s e s was r e g u l a t e d by a 

p r o p o r t i o n a l c o n t r o l l e r i n o r d e r t o m a i n t a i n t h e t e m p e r a t u r e a t 

6.5° C + 3°C. A c i rcu i t d iagram f o r t h i s c o n t r o l l e r i s i n c l uded i n 

the append f e e s . 
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c. Power Measurement 

The amount o f power r e q u i r e d f o r maintenance o f t h e 

t e m p e r a t u r e d u r i n g t h e s e e x p e r i m e n t s was measured u s i n g a k i l o w a t t - h o u r 

(Kwhr) meter. T h i s i s t h e same t y p e o f meter used by t h e U t i l i t y 

Company t o measure h o u s e h o l d c o n s u m p t i o n o f power. Readings were 

t a k e n a t l e a s t once a day w i t h t h e t i m e o f day, f e r m e n t e r t e m p e r a t u r e 

and Kwhrs b e i n g r e c o r d e d . These f i g u r e s were then used t o compute 

t h e amount o f heat energy i n B r i t i s h Thermal U n i t s (B.T.U.) r e q u i r e d 

by t h e h e a t e r elements under the v a r y i n g c o n d i t i o n s o f a e r a t i o n and 

a g i t a t i o n . To c o n v e r t power consumption i n Kwhrs t o heat energy 

i n B.T.U. a m u l t i p l y i n g f a c t o r o f 3413 B.T.U./Kwhr was used. The 

r e s u l t from t h i s c a l c u l a t i o n was then d i v i d e d by t h e e l a p s e d t i m e 

( h r s . ) t o o b t a i n B.T.U./hr. The number o f K i l o w a t t s used o v e r a 

g i v e n t i m e p e r i o d ( T j - ^ ) w a s d e t e r m i n e d by: 

A T " BT 1 *2 

meter r e a d i n g (Kwhrs) a t t i m e T^ 

meter r e a d i n g (Kwhrs) a t t i m e 1^ 

E x p e r i m e n t a l C o n d i t i o n s 

where: A T  
1 1 

BT 

2 
d. 
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i . No A g i t a t i o n - No A e r a t i o n 

Under c o n d i t i o n s o f no a g i t a t ion-and no 

a e r a t i o n i t i s p o s s i b l e t h a t a t e m p e r a t u r e g r a d i e n t c o u l d form 

between the h e a t e r s and the t e m p e r a t u r e probe. To pr e v e n t such a 

g r a d i e n t from f o r m i n g t h e m i x e r was s w i t c h e d on f o r a s h o r t p e r i o d 

o f time t o draw the warmer wa t e r up from t h e bottom o f the tank. 

T h i s a c t i o n was r e p e a t e d a t i n t e r v a l s t h r o u g h o u t t h e day. 

The t e m p e r a t u r e i n th e f e r m e n t e r f i r s t reached 

65°C + 3°C on November 18. For the next s e v e n t y - t w o h o u r s , t h e 

tem p e r a t u r e was m a i n t a i n e d a t t h i s l e v e l w i t h no a g i t a t i o n o r 

a e r a t i o n p r o v i d e d , e x c e p t as noted above. The f i g u r e s o b t a i n e d 

d u r i n g t h i s t i m e were used as a b a s i s f o r comparison w i t h t he 

ex p e r i m e n t s which f o l l o w e d . 

i i . Agi t a t i o n 

To i n v e s t i g a t e t h e e f f e c t o f m e c h a n i c a l 

energy from a g i t a t i o n on th e energy r e q u i r e m e n t f o r maintenance 

o f t e m p e r a t u r e , a g i t a t i o n was begun on November 21 and c o n t i n u e d 

f o r a p e r i o d o f one-hundred and one hou r s . Throughout t h i s t i m e 

p e r i o d t h e t e m p e r a t u r e remained a t 65°C+ 3°C 

i i i . A g i t a t i o n and A e r a t i o n 

The combined e f f e c t o f a g i t a t i o n p l u s a e r a t i o n 

on t h e energy r e q u i r e d f o r t e m p e r a t u r e maintenance was de t e r m i n e d 
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by c o n t i n u i n g t h e a g i t a t i o n and s u p p l y i n g compressed a i r a t normal 

l e v e l s o f 11.5 t o 14 l i t r e s / m i n u t e . Readings were t a k e n o v e r a 

p e r i o d o f f o r t y - n i n e hours whi1e t h e t e m p e r a t u r e remained a t 

65°C + 3°C. 

i v . A e r a t i o n 

To s t u d y t h e e f f e c t o f a e r a t i o n by i t s e l f 

on t h e energy r e q u i r e m e n t t h e m i x e r was s w i t c h e d o f f and a e r a t i o n 

was c o n t i n u e d a t t h e p r e v i o u s l e v e l s . Readings were o b t a i n e d o v e r 

a p e r i o d o f n i n e t y h o u r s . 

v. D e t e r g e n t Foam v s . S t y r o f o a m as I n s u l a t i o n 

At the c o n c l u s i o n o f t h e a e r a t i o n o n l y phase 

d e s c r i b e d abovey t h e wa t e r w h i c h had been l o s t due t o e v a p o r a t i o n 

was r e p l a c e d by t a p w a t e r . T h i s caused t h e t e m p e r a t u r e i n t h e 

f e r m e n t e r t o drop t o hS°C. Once the t e m p e r a t u r e was a g a i n s t e a d y 

a t 65°C + 3°C the s t y r o f o a m c o v e r was removed, a e r a t i o n and a g i t a t i o n 

begun and a s u r f a c t a n t - - added t o produce a foam s i m i l a r t o t h a t 

w h i c h forms d u r i n g a normal waste f e r m e n t a t i o n . S i n c e a e r a t i o n 

and a g i t a t i o n were both r e q u i r e d f o r the foam t o form i t was not 

p o s s i b l e t o i n v e s t i g a t e t h e i r independent e f f e c t s o n l y t h e i r combined 

e f f e c t s . 

» Commercial d e t e r g e n t m a n u f a c t u r e d by t h e Mandate Roman Company 
o f Vancouver, B.C. 
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4.2.3 R e s u l t s and D i s c u s s i o n 

The r e a d i n g s from t h e s e e x p e r i m e n t s a r e g i v e n i n 

T a b l e I and p r e s e n t e d graph i c a 11 y'. i n . F i g u r e s 8 and 9. The D a i l y 

Maximum and Minimum Temperatures f o r t h e ambient a i r d u r i n g t he 

ex p e r i m e n t a r e g i v e n i n T a b l e I I . These f i g u r e s were o b t a i n e d 

from the F a c u l t y o f A g r i c u l t u r a l S c i e n c e s P l a n t S c i e n c e Department 

Weather S t a t i o n w h i c h i s l o c a t e d i n t h e same g e n e r a l a r e a as t h e 

Thermophi1ic U n i t . 

a. No A g i t a t i o n & No A e r a t i o n 

For the f i r s t 72 hours w h i l e the t e m p e r a t u r e 

was m a i n t a i n e d a t 65°C + 3°C w i t h no a g i t a t i o n o r a e r a t i o n t h e 

h e a t e r s expended a t o t a l o f 273,040 B.T.U.s. On an h o u r l y b a s i s 

t h i s i s 3792 B.T.U.s/hr. T h i s f i g u r e was used as a b a s i s f o r • 

comp a r i s o n w i t h the r e s u l t s o f the e x p e r i m e n t s i n v o l v i n g a g i t a t i o n , 

a g i t a t i o n and a e r a t i o n , and a e r a t i o n . 

b. A g i t a t i o n 

A g i t a t i o n unaccompanied by a e r a t i o n was s u p p l i e d 

f o r a p e r i o d o f 101 hours. The t o t a l energy r e q u i r e m e n t f o r t h i s 

same p e r i o d was 416,386 B.T.U.s o r 4,133 B.T.U.s/hr. T h i s i s an 

i n c r e a s e o f 3% o v e r t h e energy r e q u i r e m e n t w i t h no a g i t a t i o n and 



T a b l e 1 . 

D a t e Temp °C T r e a t m e n t K w - h r s T i m e h r s Kw A v g . B . T . U . / h r 

Nov. 17 55 No A e r a t i o n S No A g i t a t i o n 
Nov. 18 66 I I I I kl 24:27 1.73 
Nov. 19 -- — -- -- --
Nov. 20 — -- -- --
Nov. 21 65 A g i t a t i o n a f t e r r e a d i n g 80 72.08 1.11 3792 
Nov. 22 65 Ag i t a t ion 32 22.38 1.43 
Nov. 23 65 Ag i t a t i o n 26 24.62 1.06 
Nov. 24 65 

65 
Ag i t a t ion 

11 
27 
6 

24.33 
4.59 

1.11 
1.31 

4133 

Nov. 25 65.5 A e r a t i o n a f t e r r e a d i n g 31 24.83 1.25 
Nov. 26 66 A e r a t i o n S A g i t a t i o n 23 19.58 •1.17 
Nov. 2~> 65 A e r a t i o n & A g i t a t i o n 27 22.92 1.18 4075 

-- A g i t a t i o n o f f a f t e r r e a d i n g 9 6.92 1.30 
Nov. 28 A e r a t i o n -- --
Nov. 29 60 A e r a t i o n 86 45.83 1.88 6839 
Nov. 30 63 A e r a t ion 53 24.59 2.16 
Dec. 1 62 A e r a t i o n o f f a f t e r r e a d i n g kl 19.91 2.11 

66.5 No A e r a t i o n - N o A g i t a t i o n 8 5.00 1.6 
Dec. 2 66 No A e r a t i o n - N o A g i t a t i o n 20 17.17 1.16 

k5 H20 Added 2 1.91 1.05 
53 No A e r a t i o n - N o A g i t a t i o n 9 4.84 1.86 

Dec. 3 65 I I I I 37 17-5 2.11 
66 I I I I 6 4.25 1.4 
66 I I I I k 2.66 1.5 

Dec. k 66 Styrofoam removed 
Foam added 
A g i t a t i o n & A e r a t i o n 

2k 20.25 1.18 

Dec. 5 68 A g i t a t i o n S A e r a t i o n 21.5 24.42 .880 
Dec. 6 66 A g i t a t i o n S A e r a t i o n 12.5 21 .25 .588 2516 
Dec. 7 66 I I I I 12 26.83 .447 
Dec. 8 6k I I I I 15 20.91 .717 
Dec. 9 66 I I I I 25 23.25 1.07 



T a b l e 1 I . 

Date D a i l y Maximum D a i l y Minimum C o n d i t i o n s 

Nov. 17 10 8 C1 ear 
18 8 6 O v e r c a s t 
19 9 6 P a r t l y c l o u d y 
20 9 5 C1oudy 
21 8 6 Cloudy 
22 8 6 C1oudy 
23 8 6 O v e r c a s t 
2k 8 7 C1 ear 
25 9 6 Cl e a r 
26 7 2 C l e a r 
27 5 -2 P a r t l y c l o u d y 
28 5 0 P a r t l y c l o u d y 
29 5 0 P a r t l y c l o u d y 
30 5 1 O v e r c a s t (fog) 

Dec. 1 2 1 O v e r c a s t 
2 3 1 O v e r c a s t 
3 5 3 O v e r c a s t 
k 3 3 O v e r c a s t 
5 3 O v e r c a s t 
6 6 O v e r c a s t 
7 9 8 O v e r c a s t 
8 9 6 O v e r c a s t 
9 7 6 O v e r c a s t 



22 23 24 25 26 27 28 29 30 1 Z 3 4 5 

NOVEMBER DECEMBER 
F I G U R E * . P O W E R R E Q U I R E M E N T S - F O R T E M P E R A T U R E M A I N T E N A N C E 

1976 
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\ 
O 5 

CO 

(— 
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4 1 

D 

L E G E N D 

STYROFOAM INSULATION 
NO AERATION NO AGITATION 

STYROFOAM INSULATION 
NO AERATION . AGITATION 

STYROFOAM INSULATION 
AERATION AGITATION 

STYROFOAM • INSULATION 
AERATION - NO AGITATION 

DETERGENT FOAM INSULATION 
AERATION AGITATION 

FIGURED HEAT REQUIREMENTS FOR TEMPERATURE MAINTENANCE 

! M A T ' L 

(Ui T R A N S T E X 19 10M-S-73 

No. R E Q ' D 

C H ' D B Y D W G . No. 
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no a e r a t i o n . When the s o u r c e s o f e r r o r i n t h i s e x p e r i m e n t such 

as the use o f water i n s t e a d o f hog waste and t h e p o s s i b l e e f f e c t 

o f ambient t e m p e r a t u r e a r e c o n s i d e r e d t h e 3% i n c r e a s e i n t h e 

energy r e q u i r e m e n t may not be s i g n i f i c a n t . However, i t s h o u l d 

be noted t h a t i t was an i n c r e a s e and not a d e c r e a s e w h i c h 

i n d i c a t e s t h a t t he energy i n p u t from the m e c h a n i c a l a c t i o n o f 

a g i t a t i o n i s n e g l i g i b l e . 

c. A e r a t i o n and A g i t a t i o n 

The combined e f f e c t o f a e r a t i o n and a g i t a t i o n 
s 

r a i s e d t he energy r e q u i r e m e n t from t h e b a s i c l e v e l o f 3792 B.T.U. / h r . 

to 4075 B.T.U. S/hr. T h i s r e p r e s e n t s an i n c r e a s e o f 7-5%. As was the 

ca s e w i t h a g i t a t i o n t he amount o f the i n c r e a s e may not be s i g n i f i c a n t 

however t h e f a c t t h a t i t was an i n c r e a s e and not a d e c r e a s e i s 

i m p o r t a n t . 

d. A e r a t i o n 

The a c t i o n o f a e r a t i o n i n c r e a s e d t he energy 

r e q u i r e m e n t t o 6839 B.T.U. / h r . wh i c h r e p r e s e n t s an i n c r e a s e o f 

80% o v e r the r e q u i r e m e n t w i t h no a g i t a t i o n o r a e r a t i o n . T h i s i n c r e a s e 

was p a r t l y due t o t h e f a c t t h a t a gap e x i s t e d between the s t y r o f o a m 
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and t h e m i x e r s h a f t . The incoming a i r f l o w caused the wa t e r t o 

bubble t h r o u g h t h i s gap and a c r o s s the top s u r f a c e o f t h e 

s t y r o f o a m w h i c h g r e a t l y i n c r e a s e d the heat l o s s e s due t o 

e v a p o r a t i o n and c o n t a c t w i t h ambient o u t s i d e t e m p e r a t u r e s . 

However, o t h e r r e s e a r c h e r s (Matsch and D r n e v i c h 1977) have 

s t a t e d t h a t t h e g r e a t e s t heat l o s s i n an a e r a t i o n system i s 

w i t h the a e r a t i n g gas. A e r a t i o n by i t s e l f would have the e f f e c t 

o f i n c r e a s i n g the amount o f energy r e q u i r e d f o r maintenance o f 

th e f e r m e n t e r t e m p e r a t u r e . 

e. Foam v s . S t y r o f o a m 

The use o f a d e t e r g e n t foam as i n s u l a t i o n f o r 

th e top of the f e r m e n t e r reduced the energy r e q u i r e m e n t t o 2516 

B.T.U. / h r . T h i s i s a r e d u c t i o n o f 51% from t h e b a s i c c o n d i t i o n o f no 

a g i t a t i o n o r a e r a t i o n ' w i t h s t y r o f o a m i n s u l a t i o n . As p r e v i o u s l y noted 

i t was n e c e s s a r y t o p r o v i d e both a g i t a t i o n and a e r a t i o n i n o r d e r f o r 

t h e foam t o form. When compared t o t h e energy r e q u i r e m e n t f o r s t y r o f o a m 

w i t h a e r a t i o n and a g i t a t i o n t h e r e i s a 6h% r e d u c t i o n . These r e d u c t i o n s 

i n d i c a t e t h a t an a r t i f i c i a l d e t e r g e n t foam c o v e r i n g (which b e t t e r ) 
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a p p r o x i m a t e s the p h y s i c a l s t a t e o f t h e n a t u r a l d i g e s t i o n foam than 

s t y r o f o a m ) does i n f a c t p r o v i d e b e t t e r i n s u l a t i o n f o r the top 

o f t h e f e r m e n t e r than does s t y r o f o a m ; 

4.3 F e e d i n g T r i a l 

4.3-1 I n t r o d u c t i o n 

I t has been demonstrated t h a t compared t o u n t r e a t e d 

manure, a e r o b i c a l l y t r e a t e d swine waste from an o x i d a t i o n d i t c h has 

an enhanced p r o t e i n v a l u e (Holmes 1971, Harmon 1975). F u r t h e r 

work by Harmon £ Day r e s u l t e d i n a system f o r r e f e e d i n g t h e l i q u i d 

from an o x i d a t i o n d i t c h as a re p l a c e m e n t f o r H^O, w i t h an i n c r e a s e 

i n r a t e o f g a i n and f e e d c o n v e r s i o n e f f i c i e n c y (Harmon & Day 1974, 

Harmon &„ Day 1975) • 

The p r o d u c t from t h e r m o p h i l i c f e r m e n t a t i o n o f swine 

waste a l s o has an enhanced p r o t e i n v a l u e o v e r t h a t o f raw manure 

(Shepherd 1973, Bragg e _ t a j _ . 1975). To-date f e e d i n g t r i a l s w i t h 

t h i s p r o d u c t have been c o n f i n e d t o u s i n g t h e d r i e d p r o d u c t i n animal 

and p o u l t r y r a t i o n s ( K i t t s e t aJL 1974, Bragg et_a_l_. 1975, Kwok 1975). 

The purpose o f t h i s s t u d y was t o a s s e s s the a c c e p t a b i l i t y and p o t e n t i a l 

p e rformance o f T h e r m o p h i l i c P r o c e s s Mixed L i q u o r (TPML) when f e d 

as a l i q u i d t o young p i g s . 

4.3.2 M a t e r i a l s and Methods 
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A t o t a l o f f o r t y - o n e p i g l e t s from f o u r 1 i t t e r s were 

used f o r t h i s s t u d y . They were d i v i d e d i n t o f o u r pens A, B, C, 

and D. The f o u r pens w e r e : f u r t h e r d i v i d e d i n t o two groups. 

Group I formed by.pens A + C had a t o t a l o f 20 a n i m a l s , Group II 

formed by pens B + D had a t o t a l o f 21 a n i m a l s . At the b e g i n n i n g 

o f t h e t r i a l t h e a n i m a l s were 28 days o l d and t h e i r a v e r a g e w e i g h t 

was 11 Kg. The t r i a l l a s t e d f o r a p e r i o d o f 28 days w i t h the p i g s 

b e i n g weighed e v e r y two weeks. Both Groups were f e d d r y fee d 

ad l i b i t u m . U.B.C.'s B2B r a t i o n was used t h r o u g h o u t t h e t r i a l . 

T h i s r a t i o n i s f o r m u l a t e d by a commercial f e e d company t o c o n t a i n 

a p p r o x i m a t e l y ]6% Crude P r o t e i n . Group I s e r v e d as t h e c o n t r o l 

group, t h e y were a l l o w e d f r e e a c c e s s t o t h e s e l f - w a t e r e r s l o c a t e d 

a t t he r e a r o f the pens. Group I I , t h e e x p e r i m e n t a l group, was 

s u p p l i e d w i t h TPML as a c o m p l e t e r e p l a c e m e n t f o r w a t e r . The 

s e l f - w a t e r e r s i n Group I I pens were plugged and t r o u g h s were i n s t a l l e d 

a t t he r e a r o f the pens. 

The TPML from t h e f e r m e n t e r was c o o l e d b e f o r e b e i n g 

fe d t o t h e a n i m a l s . P r e l i m i n a r y t r i a l s i n d i c a t e d t h a t the a n i m a l s 

would d r i n k t h e warm TPML but not as r e a d i l y as when i t had been 

a l l o w e d t o c o o l . No s o l i d s s e p a r a t i o n o r d r y i n g was a t t e m p t e d . 

Immediately b e f o r e p l a c i n g t he TPML i n t h e t r o u g h s i t was t h o r o u g h l y 

mixed t o e n s u r e t h a t any s e t t l e d s o l i d s would be p l a c e d back i n t o 

s u s p e n s i o n . The t r o u g h s were f i l l e d by b u c k e t s i n the morning and 

l a t e a f t e r n o o n , u s u a l l y a t t h e same t i m e t h a t the a n i m a l s were f e d . 
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4.3-3 R e s u l t s & D i s c u s s i o n 

There were no deaths o r s i g n s o f i l l n e s s i n e i t h e r 

Group I o r Group II d u r i n g o r a f t e r . t h e t r i a l . T h e . r e s u l t s shown 

i n T a b l e I I I a r e on a t o t a l w e i g h t g a i n / p e n b a s i s . Some o f t h e ear 

t a t t o o s were i11 e g i b l e and t h e r e f o r e i t was not p o s s i b l e t o r e c o r d 

i n d i v i d u a l w e i g h t g a i n s . An a n a l y s i s o f t h e s e r e s u l t s u s i n g t h e 

F t e s t showed t h a t the d i f f e r e n c e s i n w e i g h t g a i n s / p e n were not 

s i g n i f i c a n t l y d i f f e r e n t , i n d i c a t i n g t h a t TPML was a c c e p t a b l e as 

r t h e t o t a l r e placement f o r H^O f o r young p i g s i n t h i s t r i a l . These 

d a t a would f a l l between the two groups o f p i g s f e d o x i d a t i o n d i t c h 

mixed l i q u o r (ODML) by Harmon e t a l . Harmon and coworkers (1973) 

r e p o r t e d t h a t p i g s younger than 28 days o f age when f e d ODML grew 

l e s s r a p i d l y than t he c o n t r o l a n i m a l s . However, t h e s e same p i g s 

when f e d ODML a t 56 days o f age, grew f a s t e r than t h e c o n t r o l group. 

T a b l e I I I 

Weight 
ga i n 
(kg) 

Group I (H 20) Pen A 130.4 

Peri C . 103-6 

Avg. .... V ^ . 117-0 

Group II (TPML) Pen B 86.6 

Pen D 114.4 

Avg. 100.5 
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The a n i m a l s used i n t h i s f e e d i n g t r i a l w i t h TPML f a l l between t h e 

two age groups used by Harmon. S i n c e t h e r e was n o 1 s i g n i f i c a n t 

d i f f e r e n c e i n t h e growth between t h e c o n t r o l and t r e a t m e n t groups 

i t would i n d i c a t e t h a t t h i s d a t a i s : i n agreement w i t h Harmon (1973) 

f a l 1 i n g between t h e two age gr o u p s . Taken w i t h Harmon's e a r l i e r 

work (1973), t h e r e s u l t s s u g g e s t t h a t as t h e p i g g e t s o l d e r i t i s 

a b l e t o u t i l i z e t h e n u t r i e n t s from t h e r e c y c l e d f e e d more e f f i c i e n t l y . 

T h i s t r e n d can be seen i n the change i n a v e r a g e d a i l y g a i n s f o r t h e 

f i r s t two weeks as opposed t o t h e l a s t two weeks. The ave r a g e d a i l y 

g a i n per p i g i s shown i n T a b l e IV. 

T a b l e IV 

Average D a i l y G a i n (Kg) 

0-14 days 14-28 days 

Group I (H,0) Pen A .335 .441 

Pen C .446 .478 

Avg. .390 .459 

Pen B .271 .289 

Pen D .320 .496 

Avg. .296 • 392 

Group I I (TPML) 

Group I the c o n t r o l group i n c r e a s e d t h e i r a v e r a g e d a i l y g a i n t o .459kg/day 

f o r t h e f i n a l two weeks from .390 kg/day f o r the f i r s t two weeks. 

T h i s i s an i n c r e a s e o f 17%.Group I I t h e TPML group i n c r e a s e d t h e i r 
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a v e r a g e d a i l y g a i n t o -392 kg/day from .296 kg/day an i n c r e a s e o f 32%. 

Th i s f a c t when cons i d e r e d wi t h H a r m o n s • r e s u l t s s u p p o r t s t h e t h e o r y 

t h a t as the animal g e t s o l d e r i t s d i g e s t i v e system i s a b l e t o 

u t i l i z e t h e n u t r i e n t s from t h e r e c y c l e d f e e d more e f f i c i e n t l y . 

T h i s i n c r e a s e i n e f f i c i e n c y i s most p r o b a b l y due t o t h e e s t a b l i s h m e n t 

of a p o p u l a t i o n o f m i c r o f l o r a i n t h e g a s t r o i n t e s t i n a l t r a c t w h i c h 

i s a b l e t o u t i l i z e t h e TPML more e f f i c i e n t l y . 

T r i a l s u s i n g o l d e r a n i m a l s a r e r e q u i r e d t o f u r t h e r 

e x p l o r e t h e p o s s i b i l i t i e s o f u s i n g TPML as a t o t a l H^O re p l a c e m e n t 

f o r p i g s . The r e s u l t s o f t h i s f e e d i n g t r i a l show t h a t T h e r m o p h i l i c 

P r o c e s s Mixed L i q u o r (TPML) can be used as a re p l a c e m e n t f o r wa t e r 

i n t h e d i e t o f p i g s between t h e ages o f 28 and 56 days w i t h no a p p a r e n t 

d e t r i m e n t a l e f f e c t on t h e i r h e a l t h o r r a t e o f g a i n . 

h.k C o m m e r c i a l - S i z e A p p l i c a t i o n 

k.k.\ I n t r o d u c t i o n 

As was p r e v i o u s l y mentioned the T h e r m o p h i l i c R e s e a r c h 

U n i t a t U.B.C. has a t o t a l o p e r a t i n g c a p a c i t y o f .600 g a l l o n s . 

A l t h o u g h t h i s i s adequate f o r p r e l i m i n a r y r e s e a r c h a l a r g e r u n i t 

would e n a b l e a w i d e r range o f e x p e r i m e n t s t o be c a r r i e d o u t . In 

a d d i t i o n , commercial s i z e o p e r a t i o n s would r e q u i r e l a r g e r f e r m e n t e r s 

f o r many s p e c i f i c a p p l i c a t i o n s . For t h e s e r e a s o n s a " s e a l i n g - u p " 

o f the f e r m e n t e r s i z e was proposed and p l a n n e d . I t was c o n v e n i e n t 
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t h a t a new swine o p e r a t i o n was b e i n g planned by Kriwokon E n t e r p r i s e s 

f o r i n s t a l l a t i o n a t P o r t A l b e r n f on Vancouver I s l a n d . The r e s e a r c h 

group a t U.B.C. was approached c o n c e r n i n g the p o s s i b i l i t y o f 

u t i l i z i n g t h e r m o p h i l i c f e r m e n t a t i o n t o h a n d l e the wastes from t h e 

new o p e r a t i o n . For t h i s new o p e r a t i o n , i t was d e c i d e d t o i n c o r p o r a t e 

t h e " s e a l i n g - u p " o f t h e f e r m e n t e r s w i t h a waste h a n d l i n g system which 

would i n c l u d e r e f e e d i n g o f the p r o d u c t . 

h.k.2 L o c a t i o n & Layout o f Farm 

Kriwokon E n t e r p r i s e s i s s i t u a t e d on a p p r o x i m a t e l y 

seven a c r e s o f land near P o r t A l b e r n i , B.C. Feed c r o p s a r e not grown 

on t h e farm because o f the s m a l l land a r e a , a l l t h e f e e d i s 

purchased from a commercial f e e d company. There i s , t h e r e f o r e , 

no c r o p l a n d on w h i c h t o sp r e a d t h e u n t r e a t e d manure nor i s t h e r e a 

s u f f i c i e n t a r e a f o r a lagoon w i t h an i r r i g a t i o n system. In s i t u a t i o n s 

such as t h i s a t h e r m o p h i l i c t r e a t m e n t system w i t h r e f e e d i n g o f the 

p r o d u c t has s e v e r a l a d v a n t a g e s : 

a. The f e r m e n t e r s do not r e q u i r e a l a r g e l a n d a r e a 

f o r i n s t a l l a t i o n . F or t h i s p a r t i c u l a r i n s t a l l a t i o n 

t h e e n t i r e u n i t i n c l u d i n g f e r m e n t e r s , p r o d u c t t a n k , 

c o n t r o l house, pumps and compressors can be p l a c e d 

on a 13 f t . x 41 f t . c o n c r e t e s l a b . 
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b. The p r o d u c t from the f e r m e n t a t i o n can be r e c y c l e d 

and : t h e r e f o r e does not r e q u i r e an i r r i g a t i o n system 

o r f i e l d s p r e a d i n g f o r f i n a l d i s p o s a l 

c. As a r e s u l t o f t h e h i g h t e m p e r a t u r e f e r m e n t a t i o n 

t h e : p r o d u c t i s p a s t e u r i z e d . 

d. The p r o d u c t from the f e r m e n t a t i o n has an enhanced 

p r o t e i n v a l u e and when r e c y c l e d as a f e e d can 

r e s u l t i n a r e d u c t i o n i n t h e amount o f commercial 

f e e d r e q u i r e d w i t h o u t s i g n i f i c a n t l y a f f e c t i n g t h e 

r a t e o f g a i n . 

The purpose o f t h i s new o p e r a t i o n i s t o produce and 

r a i s e w e i n e r p i g s f o r t h e f e e d e r hog market. The e s t i m a t e d y e a r l y 

p r o d u c t i o n i s 6,000 w e i n e r p i g s and p l a n s e x i s t f o r f u t u r e e x p a n s i o n 

t o a c o m p l e t e f a r r o w t o f i n i s h o p e r a t i o n . At t h e p r e s e n t t i m e , t h e 

b r e e d i n g herd c o n s i s t s o f 316 sows and 12 b o a r s . In a d d i t i o n , up 

t o 360 w e i n e r p i g s may be p r e s e n t a t any one t i m e . The a n i m a l s a r e 

housed i n two s e p a r a t e b u i l d i n g s . F i g u r e 10 shows the g e n e r a l l a y o u t 

o f the b u i l d i n g s and t h e i r d i m e n s i o n s . Both b u i l d i n g s a r e aluminum 

sheathed s t r u c t u r e s e r e c t e d on c o n c r e t e f o u n d a t i o n s . I n s u l a t i o n 

i s p r o v i d e d by s h e e t s o f r i g i d p o l y u r e t h a n e foam on t h e w a l l s and 

c e i l i n g s . The g e s t a t i n g sows a r e kept i n the l a r g e r b u i l d i n g a l o n g 

w i t h the b o a r s . The smal1er bui 1 d i n g i s d i v i d e d i n t o t h r e e s e c t i o n s . 
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The f a r r o w i n g a r e a w i t h s i x t y i n d i v i d u a l f a r r o w i n g c r a t e s i s l o c a t e d 

i n t h e w e s t e r n ha 1f o f the b u i 1 d i n g ; The e a s t e r n h a l f of t h e b u i l d i n g 

i s l a r g e l y o c c u p i e d by t h e pens f o r the w e i n e r p i g s . These pens 

a r e d i v i d e d i n t o t h r e e s e c t i o n s w i t h 6 pens t o a s e c t i o n f o r a t o t a l 

o f 18 pens. The s m a l 1 ' a r e a ' r e m a i n i n g • a t the extreme e a s t e r n end o f 

the b u i l d i n g i s used as an o f f i c e , d r e s s i n g room a r e a . 

4.4.3 Waste C o l l e c t i o n System 

The wastes from both b u i l d i n g s a r e c o l l e c t e d by a system 

o f g u t t e r s beneath t h e f l o o r s . These g u t t e r s a r e c o v e r e d by metal 

g r a t i n g s . The manure f a l l s o r i s t r a m p l e d t h r o u g h t h e s e metal 

g r a t i n g s i n t o t h e g u t t e r s . Each g u t t e r has a f l u s h tank w h i c h 

p e r i o d i c a l l y f l u s h e s the wastes from t h e g u t t e r i n t o a sump. The 

use o f f l u s h t a n k s and g u t t e r s f o r the c o l l e c t i o n o f swine wastes 

has been c o v e r e d i n s e v e r a l papers ( B r o d i e 1975, Koch 1975, M i l l e r s 

Hansen 1973, Koel 1 i l.ar et_ aJL 1972 and Smi t h et_ aj_. 1971). 

In both b u i l d i n g s t h e g u t t e r s s l o p e from e i t h e r end 

towards t h e c e n t r e o f t h e b u i l d i n g . A l l o f t h e g u t t e r s have a 

3% s l o p e (4" i n 10') i n c l u d i n g t h e g u t t e r s which c r o s s t h e c e n t r e 

o f t h e b u i l d i n g s and empty i n t o the sump. The g e s t a t i o n barn has 

a t o t a l o f seven g u t t e r s , f o u r a c r o s s t h e w e s t e r n end and t h r e e 

a c r o s s the e a s t e r n end. Each o f t h e s e g u t t e r s has a 250 g a l l o n 

f l u s h t a n k . The f a r r o w i n g a r e a has f o u r g u t t e r s each equipped w i t h 

a 250 g a l l o n f l u s h t a n k . The w e i n e r a r e a has t h r e e l a r g e waste 
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g u t t e r s , one l o c a t e d beneath each o f the t h r e e s e c t i o n s o f pens. 

These g u t t e r s a r e a p p r o x i m a t e l y 10 f t . wide and each one i s f l u s h e d 

from a 1,000 g a l l o n t a n k . A l l o f t h e s e t a n k s a r e f l u s h e d t w i c e 

d a i l y . The wastes from both b u i l d i n g s a r e c a r r i e d . t o t h e sump 

which i s l o c a t e d between.the two b u i I d i n g s . F i g u r e 11 i s a l o n g i t u d i 

s e c t i o n o f the sump showing t h e b a f f l e s l o c a t e d a t t h e two i n l e t s . 

The purpose o f t h e s e b a f f l e s i s t o d i r e c t t he incoming w a s t e s . t o w a r d s 

the bottom o f t h e sump. The s o l i d wastes s e t t l e t o t h e bottom o f 

the sump and the l i q u i d remains a t t h e t o p . The l i q u i d i s re - u s e d as 

f l u s h water and t h e s o l i d s a r e pumped from t h e sump i n t o t he 

t h e r m o p h i l i c t r e a t m e n t u n i t . The top l a y e r o f the l i q u i d i s a e r a t e d 

b e f o r e b e i n g r e - u s e d as f l u s h w a t e r . 

k.k.k E s t i m a t e d L e v e l s o f Waste P r o d u c t i o n 

Because the hog o p e r a t i o n was not y e t i n o p e r a t i o n t h e 

l e v e l o f waste p r o d u c t i o n i n each s e c t i o n had t o be e s t i m a t e d i n 

o r d e r t o d e s i g n t h e t r e a t m e n t system. Waste p r o d u c t i o n was 

c a l c u l a t e d on t h e b a s i s o f one g a l l o n o f waste produced per 100 l b s . 

1iveweight per day. T h i s f i g u r e and t h o s e used f o r animal w e i g h t s 

were o b t a i n e d from , (OvercashJHumen i k and D r i g g e r s 1975). The 

e s t i m a t e d l e v e l s o f waste p r o d u c t i o n i n g a l l o n s / d a y c a l c u l a t e d 

f o r each s e c t i o n a r e shown below. Each i n d i v i d u a l e s t i m a t e was made 

f o r t he maximum p o p u l a t i o n i n each s e c t i o n . 
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INLET 

' F IGURE: 11 L O N G I T U D I N A L S E C T I O N O F S U M P 
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A. F a r r o w i n g Barn 

1 . F a r r o w i r i g Area 

60 sows and l i t t e r s @ 374 l b s . ea. 224 g a l s . 

2.. Weiner Area 

360 w e i n e r @ 40 l b s ea. 144 g a l s . 

B. G e s t a t i o n Barn 

1. G e s t a t i n g Sows 

257 sows @ 275 l b s . ea. 707 g a l s . 

2.. Boars 

12 boars @ 350 l b s . ea. v 42 g a l s . 

T o t a l : 1,117 g a l s . 

The t o t a l e s t i m a t e d p r o d u c t i o n o f waste per day from 

both barns i s 1,117 g a l l o n s . The t h e r m o p h i l i c t r e a t m e n t p l a n t was 

d e s i g n e d u s i n g t h i s f i g u r e . 

4.4.5 Waste Treatment System 

A f l o w c h a r t f o r t h e t r e a t m e n t system i s shown i n 

F i g u r e 12. For the P o r t A l b e r n i o p e r a t i o n s i x f e r m e n t e r s a r e used, 

a r r a n g e d i n two banks o f t h r e e each. Each f e r m e n t e r has a c a p a c i t y 

o f 1,000 g a l l o n s : making t h e t o t a l c a p a c i t y 6,000 gal Ions. The 

f e r m e n t e r s a r e a l l made from f i b r e g l a s s w i t h a o n e - i n c h t h i c k l a y e r 

o f u r e t h a n e f o r i n s u l a t i o n . D e t e n t i o n time i s f i v e t o . s i x days 

w h i c h w i l l e n s u r e an a c c e p t a b l e l e v e l o f pathogen ki11. The complete 
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t r e a t m e n t p l a n t i s shown i n F i g u r e 13- Some minor d i f f e r e n c e s may 

e x i s t between t h e .'id raw i ng and t h e a c t u a I i n s t a l l a t i o n . The s u p p l y 

tank has been r e p l a c e d by t h e sump whi c h i s i n c r e a s e d i n s i z e and 

p l a c e d underground. A l s o . a e r a t i o n o f t h e f e r m e n t e r s , i s a c c o m p l i s h e d 

by s p a r g e r s p l a c e d i n t h e bottom o f t h e f e r m e n t e r s ; t h e s e a r e not 

shown i n t h e d i a g r a m - F i g u r e ]k i s a photograph o f one o f t h e s e l a r g e 

f e r m e n t e r s showing i t s r e l a t i v e s i z e . The m i x e r s f o r t h e s e new 

f e r m e n t e r s a r e d r i v e n by 5 H.P. motors and a r e o f the same g e n e r a l 

d e s i g n as t h o s e d e s c r i b e d e a r l i e r i n t h i s paper. The s h a f t s and 

p r o p e l l e r s a r e b a l a n c e d t o p r e v e n t e x c e s s i v e v i b r a t i o n and premature 

b e a r i n g f a i l u r e . As can be seen i n F i g u r e s 13 and 14, the tops o f 

these l a r g e f e r m e n t e r s a r e not open t o the atmosphere as they a r e 

w i t h t h e s j n a l l e r t a n k s a t U.B.C. B a f f l e s a r e used t o a i d i n t h e 

m i x i n g and a r e p l a c e d i n the same p o s i t i o n as they a r e i n the s m a l l e r 

U.B.C. t a n k s . 

Compressed a i r f o r each f e r m e n t e r i s s u p p l i e d by a 

s i n g l e compressor l o c a t e d i n t h e c o n t r o l house. Each f e r m e n t e r i s 

equ i p p e d w i t h an a i r f l o w val.ve f o r c o n t r o l l i n g the amount o f a i r 

f l o w i n g through t h e s p a r g e r . Thermocouples a r e mounted i n each 

f e r m e n t e r i n o r d e r t o m o n i t o r the t e m p e r a t u r e o f the c o n t e n t s d u r i n g 

f e r m e n t a t i o n . 

A l l the main c o n t r o l boxes f o r the pumps,mixers and 

compressor a r e l o c a t e d i n t h e c o n t r o l shed. N o r t h e r n P u r i f i c a t i o n 

Systems L t d . , the company which manufactured the f e r m e n t e r s , a l s o 

s u p p l i e d a l l o f t h e n e c e s s a r y p i p i n g , pumps, e l e c t r i c a l j u n c t i o n 

boxes, compressor a i r l i n e s e t c . as a package i n s t a l l a t i o n . 
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FIGURE 13 IS IN BACK POCKET 
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FIGURE:14 1000 G A L L O N F E R M E N T E R 
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A standby e l e c t r i c a l g e n e r a t o r i s a l s o p r o v i d e d i n . case o f power 

f a i 1 u r e . 

Once t h e p l a n t i s i n o p e r a t i o n and s t e a d y s t a t e 

c o n d i t i o n s have been reached an e s t i m a t e d t o t a l o f 1,117 g a l l o n s 

o f waste per day wi11 be pumped i n t o ' t h e f i r s t f e r m e n t e r o f each 

bank. T h i s w i l l cause.an e q u a l amount o f s l u r r y t o f l o w from t h e 

f i r s t f e r m e n t e r t o the s e c o n d , from t h e second t o the t h i r d 

and from t h e t h i r d f e r m e n t e r t o the p r o d u c t tank. B a f f l e s a r e 

used t o p r e v e n t t h e f r e s h w a s t e from f l o w i n g s t r a i g h t t h r o u g h i n t o 

t h e p r o d u c t tank. The f l o w from one f e r m e n t e r to the next i s a i d e d 

by g r a v i t y s i n c e the o u t l e t . f r o m each f e r m e n t e r i s one i n c h h i g h e r 

than t h e i n l e t t o the a d j a c e n t f e r m e n t e r . The l i q u i d w hich f l o w s 

i n t o the p r o d u c t tank w i l l be r e c y c l e d t o t h e a n i m a l s as a replacement 

f o r w a t e r . T a b l e V shows t h e D a i l y Water Requirements f o r swine. 

T a b l e V. D a i l y Water Requirement per A n i m a l * 

Body We i g h t (1b) Imper ia1 Ga1 Ions 

30 .50 

60-80 .70 

75-125 1.70 . 

200-380 1 .2 -3 .0 

Pregnant Sows 3.0-3-7 

L a c t a t i n g Sows 4 0-5 0 

M a n i t o b a Department o f A g r i c u l t u r e - Hog Manual. 
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From t h e s e f i g u r e s the t o t a l d a i l y r e q u i r e m e n t f o r 

the o p e r a t i o n a t P o r t A l b e r n i was c a l c u l a t e d as f o l l o w s . 

A. F a r r o w i n g Barn 

1. F a r r o w i n g Area 

60 sows @ 4.5 g a l l o n s ea. 270 g a l . 

2. Weiners 

360 a n i m a l s 40 -50 l b s . ea . § . 6 0 g a l . 216 g a l s . 

B. G e s t a t i o n Barn 

1. Pregnant Sows 
257 a n i m a l s @ 3-5 g a l l o n s ea. 900 g a l s . 

2. Boars 

12 a n i m a l s @ 4.5 g a l l o n s ea. 54 g a l s . 

T o t a l : 1,440 g a l s . 

The t o t a l w a t e r r e q u i r e m e n t o f 1,440 g a l l o n s i s more 

than t h e d a i l y p r o d u c t i o n o f 1,117 g a l l o n s o f TPML t h e r e f o r e an 

a d d i t i o n a l 323 g a l l o n s o f w a t e r w i l l be r e q u i r e d per day t o meet 

t h i s r e q u i r e m e n t . 
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The TPML w i l l b e l e a v i n g t he f e r m e n t e r a t a t e m p e r a t u r e 

o f 60-65°C. T h e r e f o r e , b e f o r e b e i n g r e c y c l e d t h i s p r o d u c t w i l l have 

to be c o o l e d . The a d d i t i o n a l water r e q u i r e d w i l l h e l p i n t h i s 

r e s p e c t and a c o o l i n g c o i 1 can be i n s t a l l e d i n t h e p r o d u c t t a n k 

i t s e l f i f n e c e s s a r y . From the p r o d u c t tank the l i q u i d i s pumped t o 

tr o u g h s l o c a t e d i n the pens. Any e x c e s s o r s p i l l a g e f a l l s i n t o t h e 

g u t t e r s and i s r e t u r n e d t o the sump. A t the t i m e o f w r i t i n g , t h i s 

t r e a t m e n t system was s t i l l under c o n s t r u c t i o n and development and 

had not reached i t s f u l l p o t e n t i a l . F i g u r e 15 i s a graph o f one o f 

the p r e l i m i n a r y f e r m e n t a t i o n s t h a t was c a r r i e d o ut i n t h e l a r g e 

f e r m e n t e r s . For t h i s f e r m e n t a t i o n t h e f e r m e n t e r was o n l y t w o - t h i r d s 

f u l l and t h e r e were r e p e a t e d problems w i t h t h e a i r s u p p l y and m i x e r s 

due t o an in a d e q u a t e e l e c t r i c a l c i r c u i t . However, even under t h e s e 

a d v e r s e c o n d i t i o n s a maximum t e m p e r a t u r e o f 75°C was o b t a i n e d . T h i s 

i n d i c a t e s t h a t t h e c a p a c i t y o f t h e f e r m e n t e r may be i n c r e a s e d from 

300 g a l l o n s t o 1,000 g a l l o n s w i t h no a d v e r s e e f f e c t s . Subsequent 

f e r m e n t a t i o n s have been s u c c e s s f u l l y c a r r i e d o u t u s i n g t h e s e l a r g e 

f e r m e n t e r s , however, no • . f u r t h e r d a t a i s ava i 1 a b l e a t t h i s t i m e . 

4.5 T h e r m o p h i l i c A e r o b i c F e r m e n t a t i o n o f Lignocel 1u 1ose 

4.5.1 I n t r o d u c t i o n 

The i d e a o f u s i n g m a t e r i a l s such as wood as a fee d 

s o u r c e f o r d o m e s t i c a n i m a l s i s not new (Beckman, 1915; Haber l a n d t 

1915; and Honcamp, 1931). The l i t e r a t u r e i n t h i s a r e a i s e x t e n s i v e 



1 1 1 1 1 1 1 1 \ * , 1 I , 

9 1 0 1 1 1 2 13 14 15 16 17 18 19 2 0 21 22 

TIME (DAYS* 
FIGURE: 15 FERMENTATION USING 1000GAL. F E R M E N T E R 
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and has been c o v e r e d i n s e v e r a l r e v i e w a r t i c l e s ( K i t t s and 

S h e l f o r d 1968; K i t t s e t aJL , 1969; K i t t s and K r i s h h a m u r t i 1976). 

The prime o b s t a c l e i n u s i n g wood o r wood b y - p r o d u c t s 

i s t h e c h e m i c a l c o m p l e x i t y o f the r e l a t i o n s h i p between l i g n i n and 

e e l 1 u l o s e (Huffman et_ a_L , 1971)' F r e e c e l l u l o s e can be u t i l i z e d 

by r u m i n a n t a n i m a l s as a f e e d s o u r c e because o f the m i c r o b i a l 

p o p u l a t i o n p r e s e n t i n t h e rumen, a n o t h e r p o s s i b i l i t y would be 

m i c r o b i a l f e r m e n t a t i o n o f the c e l l u l o s e i n t o a p r o d u c t w h i c h c o u l d 

be used by m o n o g a s t r i c a n i m a l s ( E l g e e 1975). T h e r m o p h i l i c o r g a n i s m s , 

both a n a e r o b i c s p e c i e s and a e r o b i c s p e c i e s , a r e c a p a b l e o f 

decomposing c e l l u l o s e (Gaughran,1947; K e l l e r m a n and McBeth 1912; 

and Murray 1944), but b e f o r e t h i s can t a k e p l a c e t h e l i g n i n must 

be removed ( P o i n c e l o t and Day 1973)-

C l a r k e (1938) d e s c r i b e d the r e l a t i o n s h i p between 

c e l l u l o s e and l i g n i n as b e i n g s i m i l a r t o a r e i n f o r c e d c o n c r e t e w a l l 

where the c e l l u l o s e f i b r e s a r e t h e r e i n f o r c i n g rods and the l i g n i n 

and o t h e r c o n s t i t u e n t s r e p r e s e n t the c o n c r e t e . L i g n i n o c c u r s i n 

p l a n t s c h i e f l y as 1 i g n o c e l l u l o s e (Crampton and Maynard 1935). 

The c h e m i s t r y and b i o c h e m i s t r y o f l i g n i n and i t s breakdown i s an 

e x t e n s i v e s u b j e c t and w i l l not be c o v e r e d h e r e . For a co m p l e t e 

d i s c u s s i o n o f t h i s s u b j e c t t h e r e a d e r i s r e f e r r e d t o the f o l l o w i n g 

s o u r c e s : Sarkanen and Ludwig 1971; Freudenberg and N e i s h I968; 

P e a r l 1967; Brown 1966; Sc h u b e r t 1965 and Brauns and Brauns i960. 

To-date most methods f o r t h e removal o f l i g n i n have 

i n v o l v e d s t r o n g c h e m i c a l s such as an a l k a l i s o l u t i o n under c o n d i t i o n s 
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o f h i g h t e m p e r a t u r e s and p r e s s u r e s (Swan and Lewis 1975), p h y s i c a l 

r e d u c t i o n i n s i z e " ( D e h o r i t y . and Johnson V96I) o r use o f gamma 

r a d i a t i o n (Hufmann e t a 1. 1971)• 

The use o f t h e r m o p h i 1 i c b a c t e r i a f o r t h e removal o f . 

l i g n i n and subsequent u t i 1 i z a t i o n o f the f r e e c e l l u l o s e i s a n o t h e r 

p o s s i b i l i t y (Surucu 1975). The f i r s t s t e p t o i n v e s t i g a t e t h i s 

p o s s i b i l i t y would be t o d e t e r m i n e whether o r not t h e t h e r m o p h i 1 i c 

b a c t e r i a c o u l d u t i l i z e a 1 i g n o c e l 1 u l o s i c s u b s t r a t e such as wood 

as an energy s o u r c e f o r growth and development. 

4.5.2 M a t e r i a l s and Methods 

A p o p u l a t i o n o f t h e r m o p h i l i c b a c t e r i a was e s t a b l i s h e d 

u t i l i z i n g hog waste as t h e s u b s t r a t e i n one o f the f e r m e n t e r s a t 

U.B.C.'s T h e r m o p h i l i c U n i t . Once t e m p e r a t u r e s i n t h e t h e r m o p h i l i c 

range had been reached and m a i n t a i n e d f o r a p e r i o d o f t e n days 

a d d i t i o n a l hog waste s o l i d s were added t o the f e r m e n t e r . T h i s was 

t o e n s u r e t h a t a s u p p l y o f n u t r i e n t s would be a v a i l a b l e d u r i n g the 

i n t r o d u c t i o n o f t h e 1 i g n o c e l 1 u l o s e . A l d e r s a p l i n g s from a brushy 

a r e a a d j a c e n t t o t h e Swine U n i t a t U.B.C. were used as a s o u r c e o f 

1 i g n o c e l 1 u 1 o s e . The a l d e r s a p l i n g s were shredded by a s m a l l , 

p o r t a b l e s h r e d d e r - c o m p o s t e r . * T h i s machine p r o c e s s e d the s a p l i n g s 

i n t o a shredded m a t e r i a l the i n d i v i d u a l p a r t i c l e s o f w h i c h were 

s m a l l e r than o n e - h a l f by o n e - h a l f by f o u r m i l l i m e t e r s . Two days 

l a t e r t h r e e k i l o g r a m s o f shredded a l d e r were added t o t h e f e r m e n t e r 

and o v e r t h e next one-hundred and e i g h t e e n days a t o t a l o f 100 

* Amerind M c K i s s i c " M i g h t y Mac" s h r e d d e r - c o m p o s t e r . 
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k i l o g r a m s o f t h e shredded m a t e r i a l were added. No f u r t h e r 

a d d i t i o n s o f hog waste s o l i d s were made. A l l o f t h e a l d e r used 

was not shredded a t the same t i m e , i t was p r e p a r e d as r e q u i r e d 

t h r o u g h o u t the e x p e r i m e n t . 

4.5-3 R e s u l t s and D i s c u s s i o n 

To d e t e r m i n e i f t h e p o p u l a t i o n o f t h e r m o p h i l e s i n 

t h e f e r m e n t e r was a b l e t o u t i l i z e t h e a l d e r a d a i l y r e c o r d o f the 

f e r m e n t e r t e m p e r a t u r e was k e p t ( F i g u r e 16). These r e s u l t s i n d i c a t e 

t h a t t h e t h e r m o p h i l i c b a c t e r i a i n t h e f e r m e n t e r were a b l e t o use t h e 

a l d e r as a n u t r i e n t s o u r c e . Whether o r not the t h e r m o p h i l i c b a c t e r i a 

were a b l e t o degrade the l i g n i n and f r e e t h e c e l l u l o s e f o r f u r t h e r 

f e r m e n t a t i o n can not be d e c i d e d from t h e s e r e s u l t s . The purpose 

o f t h i s e x p e r i m e n t was t o d e t e r m i n e i f t h e t h e r m o p h i l i c b a c t e r i a 

w h i c h d e v e l o p d u r i n g f e r m e n t a t i o n o f hog wastes a r e a b l e t o use a 

1 i g n o c e l l u l o s i c m a t e r i a l as a n u t r i e n t s o u r c e . I t appears t h a t t h i s 

i s q u i t e p o s s i b l e . F u r t h e r r e s e a r c h i s needed t o d e t e r m i n e w h i c h 

c o n s t i t u e n t s o f t h e wood a r e b e i n g u t i l i z e d by t h e s e b a c t e r i a . Samples 

t a k e n near t h e end o f t h e f e r m e n t a t i o n were a n a l y z e d f o r c r u d e -

p r o t e i n by K j e l d a h l a n a l y s i s . The r e s u l t s a r e shown i n T a b l e VI 

on a d r y m a t t e r b a s i s averaged o v e r n i n e samples t h e c r u d e 

p r o t e i n l e v e l was 2*K81%. However, some doubt e x i s t s 

as t o whether o r not K j e l d a h l a n a l y s e s o f samples c o n t a i n i n g wood 

p a r t i c l e s g i v e s a m e a n i n g f u l v a l u e o f the c r u d e p r o t e i n l e v e l i n 



FIGURE . 16 ; L I G N O C E L L U L O S E F E R M E N T A T I O N 



T a b l e VI . 

Sample % P r o t e i n D.M. 

1-A-l 25.30 

l-A - 2 24 .35 

l-A - 3 25.06 

l-A-4 26.10 

l-A - 5 24 .80 

1-A-l 24 .15 

l-A - 2 24.23 

l-A - 3 

l-A-4 
l-A - 5 23.65 

l-A - 6 25.66 % Crude F i b r e % D.M. 

Average 24.81 

A l d e r Shreds 1:56% 76.4% 56.6% 
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the sample ( C o u l t h a r d p e r s o n a l c o m m u n i c a t i o n ) . T h e r e f o r e , the 

v a l u e o f . t h e f i n a l p r o d u c t o f the f e r m e n t a t i o n as a l i v e s t o c k 

f e e d i s not known. Research i n t h e s e a r e a s i s c u r r e n t l y b e i n g 

c a r r i e d o u t a t U.B.C. i n v o l v i n g a l d e r sawdust as a n u t r i e n t 

s o u r c e f o r t h e r m o p h i 1 i c f e r m e n t a t i o n and subsequent i n c o r p o r a t i o n 

o f t h e p r o d u c t i n t o l i v e s t o c k r a t i o n s . T h i s r e s e a r c h has not been 

completed as y e t . T h e r e f o r e , t h e r e s u l t s a r e not a v a i l a b l e . f o r 

f u r t h e r d i s c u s s i o n . 
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5.0 SUMMARY AND CONCLUSIONS 

The major f i n d i n g s o f t h e p r e c e d i n g s e t o f e x p e r i m e n t s 

can be summarized as f o l l o w s : 

i . The heat r e q u i r e d f o r maintenance o f t h e t e m p e r a t u r e 

i n the t h e r m o p h i l i c range comes s o l e l y from m i c r o b i a l 

a c t i o n . A g i t a t i o n and a e r a t i o n have no s i g n i f i c a n t 

e f f e c t on t h e amount o f heat r e q u i r e d t o m a i n t a i n 

the t e m p e r a t u r e o f t h e s l u r r y . 

i i . The p r o d u c t from T h e r m o p h i l i c f e r m e n t a t i o n o f s w i n e 

waste can be f e d i n a l i q u i d form t o a n i m a l s o l d e r 

than 28 days o f age w i t h no d e t r i m e n t a l e f f e c t s , 

i i i . The c a p a c i t y o f t h e f e r m e n t e r s can be i n c r e a s e d t o 

1,000 g a l l o n s w i t h no d e t r i m e n t a l e f f e c t on t h e 

a c t i v i t y o f t h e t h e r m o p h i l i c b a c t e r i a . 

i v . Shredded a l d e r can be used by t h e r m o p h i l i c b a c t e r i a 

as a n u t r i e n t s o u r c e . 
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6.0 SUGGESTIONS FOR FUTURE RESEARCH 

Based on t h e r e s u l t s from t h e s e e x p e r i m e n t s , and 

o b s e r v a t i o n s made d u r i n g t h e c o u r s e o f t h e s t u d y , t h e f o l l o w i n g 

a r e a s f o r f u t u r e r e s e a r c h a r e s u g g e s t e d : 

i 

i . F e e d i n g t r i a l s w i t h o l d e r a n i m a l s t o i n v e s t i g a t e 

t h e p o s s i b i l i t y t h a t they a r e b e t t e r a b l e t o u t i l i z e 

t h e a v a i l a b l e n u t r i e n t s . 

M. F u r t h e r e x p e r i m e n t s i n the a r e a o f 1 i g n o c e l 1 u l o s e 

f e r m e n t a t i o n t o d e t e r m i n e i f t h e r m o p h i l i c b a c t e r i a 

can decompose l i g n i n . 

i i i . E x p e r i m e n t a t i o n t o d e t e r m i n e the y i e l d and q u a l i t y 

o f s i n g l e c e l l p r o t e i n from wood, 

i v . I n v e s t i g a t i o n s i n t o u s i n g o t h e r o r g a n i c waste 

m a t e r i a l s e.g. cannery and p a c k i n g p l a n t wastes 

as a s u b s t r a t e f o r t h e r m o p h i l i c b a c t e r i a , 

v. The p o s s i b l e use o f the heat produced d u r i n g a 

f e r m e n t a t i o n f o r h e a t i n g p u r p o s e s . 
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