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INTRODUCTION

Recent energy shortages have
demonstrated that total reliance on

energy derived from fossil fuels may not
be a sound policy for a long-term energy
supply. Interest has been aroused in
methods of energy conservation and in
new or alternate energy sources for Cana
dian agriculture. The agricultural industry
may have the unique potential to produce
much of its own energy from renewable
resources as a replacement for fossil fuels.

Animal manure contains large quanti
ties of organic matter which, if broken
down by bacteria in the absence of
oxygen in a controlled environment, will
produce significant quantities of methane
(CH4) gas. The potential for energy
recovery from animal wastes is improved
by confinement housing systems where
large quantities of waste accumulate
rapidly. A process that recovers energy
while reducing environmental problems
and increasing the fertilizer value of the
end-product can be of significant value to
the agricultural industry and the society
it supports.

Although the fundamental principles
of anaerobic digestion are well establish
ed, their application to animal manure
management in a North American energy
context is relatively new. Information
regarding energy recovery from animal
manure is normally presented with
limited regard for problems of purifica
tion and utilization of the gaseous
product. This paper presents a brief
review of important aspects not only of
anaerobic digestion, but also of gas puri-
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fication and utilization. Information

regarding the technical and economic
feasibility of energy recovery from animal
manure will be forthcoming from an
on-going pilot-scale experiment at the
University of Manitoba.

GAS PRODUCTION

Biological Processes

Anaerobic digestion is a two-stage
biological process in which complex mix
tures of proteinaceous and carbonaceous
materials are degraded. Saprophytic
bacteria utilize these wastes, using extra
cellular enzymes to degrade the organic
matter to fatty or volatile acids, with
acetic and propionic acids and carbon
dioxide (C02) as the predominant end-
products. During this stage of the process,
often called liquification, little stabiliza
tion of the organic matter occurs.

The second stage of the process,
known as gasification, is accomplished by
me thane-producing bacteria. These
bacteria utilize an intracellular enzyme
that breaks down the acids, employing
C02 as a hydrogen acceptor. The C02 is
reduced in this process to CH4.

Liquification and gasification occur
simultaneously, and each process is car
ried out by a mixed culture of bacteria.
Methane-producing bacteria survive in a
narrow pH range, generally pH 6.5 to 8.0.
The pH of anaerobic digester contents is
related to acid formation by the sapro
phytic bacteria, carbon dioxide reduction
by the methane formers, and the
alkalinity of the system. With the system,
pH fluctuations are controlled mainly by
the action of buffering agents, largely

CANADIAN AGRICULTURAL ENGINEERING, VOL. 17 NO. 2, DECEMBER 1975

ammonium bicarbonate. Common para
meters used to monitor the operation of
an anaerobic digester are pH, alkalinity
and volatile acids. Gas production and
constituency also can be used to monitor
the biological system.

The saprophytic bacteria are a mixed
culture and exist in large numbers in
animal wastes. These bacteria multiply
rapidly and are relatively insensitive to
environmental changes. The methane-
producing bacteria, however, are few in
number in the raw wastes and are slow to

reproduce. Methane bacteria that have
been identified in anaerobic digestion
systems belong to the genera Methano-
bacterium, Methanosarcina, and Methano-
coccus (12). These bacteria are very
sensitive to environmental changes and
are obligate anaerobes. Consequently, a
carefully controlled environment must be
maintained to increase their growth.

Factors Affecting Digestion

Seeding

Seeding generally is recommended as a
start-up practice (7). Seeding consists of
the addition of actively digesting material
to a new digester to ensure that a culture
of methane-producing bacteria is present
for start-up. The time required for active
digestion to begin is reduced by seeding.

Nutrient balance

All biological systems require an
adequate supply of nutrients, particularly
nitrogen and phosphorus, although many
other elements are also required in trace
quantities. Animal wastes normally con
tain an adequate, well balanced nutrient
supply, but crop residues such as straw
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TABLE I GAS COMPOSITION AND PRODUCTION RATES FROM ANIMAL MANURE*

VS Detention

Gas production reduction CH4 Temp. Loading rate time

(ft3/lbVS added) (%) (%) (°F) (lbVS/ft3/day) (days) References

Swine

7.8-10.3 41-54 59 95 0.02 -10.20 10-50 (18)
6.0- 8.7 53-62 68 95 .15- .19 20 (8)
7.7-16.8 26-76 57-60 90-126 .15- .25 10-15 d

4.1- 7.2 44-61 58-61 91

Dairy

.12- .24 10-15 (4)

2.0- 3.0 42-53 65 95 0.16- .22 17-20 (8)
4.2-14.5 16-29 57-68 90-126 .15- .25 10-15 d

1.2- 2.5 11-16 52-64 74-95 .13- .22 25-26 (5)
1.0- 1.6 18-27 61-66 91 .12- .24 10-15 (4)
0.6- 1.0 38-53 74-79 95

Poultry

.10- .18 12-20 (3)

1.6- 4.3 20-45 11-49 95 0.17- .31 23-26 (5)
4.5- 5.8 57-68 58 91 .12- .24 10-15 (4)

8.9 ? 69 123 ? 9 (17)

f VS, volatile solids; Some data taken from Smith**.
d Smith, R.J. 1973. The anaerobic digestion of livestock wastes and the prospects for methane production. Unpublished Report, Agric. Eng.

Dep., Iowa State University, Ames, Iowa.

and some food processing wastes may
lack some of the nutritional require
ments. The lack of a specific element
required for bacterial growth will limit
gas production.

Volatile solids

Volatile solids are that portion of the
total solids that are organic in composi
tion. The biological organisms utilize a
portion of this material as a substrate,
make volatile solids an important para
meter in estimating potential gas produc
tion. Approximately 20% of the volatile
solids in swine manure are non

biodegradable and a biological process
always converts a portion of its substrates
to new cell mass. Because of this and
because of design considerations, general
ly less than 50% of the volatile solids are
destroyed in practice. Gas production,
therefore, can be expressed either in
terms of the volume of gas produced per
unit weight of volatile solids added or in
terms of volatile solids destroyed.

Loading rate

The loading rate for anaerobic digest
ers is usually expressed in terms of the
weight of volatile solids per unit digester
volume per unit time. Loading rates
reported in the literature used in Table I,
for example, vary from 0.06 to 0.31 lb
of volatile solids per cubic foot per day
(0.7 to 5.0 kg/nr/day). Higher loading
rates make better use of digester capacity
but are sometimes restricted by factors
such as the water content of liquid animal
wastes. To maintain uniform gas produc
tion and to minimize the possibility of
upsetting the balance between the two
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bacteriological processes in the digester,
the loading rate should be maintained as
uniformly as possible. This is especially
important when one considers the effects
of age and management practice on liquid
manure quantity and characteristics.

Retention times

The length of time that volatile solids
remain in an anaerobic digester is a
fundamental factor in the digestion pro
cess. The solids retention time (SRT)
represents the average time micro
organisms spend in the system and can be
determined by dividing the weight of
volatile solids in the digester by the
amount leaving the system per day. Mini
mum SRT's for anaerobic digestion
systems are in the range of 2-6 days (10).

In completely mixed anaerobic digest
ers where no recycling occurs, the SRT is
equal to the hydraulic retention time
(HRT). The hydraulic retention time is
the digester volume divided by the
volume of daily feed. Both solids and
liquid retention times for adequate
destruction of organic solids and
optimum gas production are
temperature-dependent. Hydraulic reten
tion times usually vary from 10 to 30
days depending on the temperature.

Temperature

Methane bacteria can tolerate a mini

mum temperature of about 60°F (15°C)
but function best in higher temperature
ranges. The range most commonly used in
municipal sewage treatment plants is
91-100° F (33-38°C). Thermophilic
temperatures of 131-136°F (55-58°C)

TABLE II TYPICAL HYDRAULIC RETEN

TION TIMES OF ANAEROBIC

DIGESTERS AT VARIOUS

TEMPERATURES (13)

Digester
temperature (°F)

60

80

100

120

Retention

time (days)

56

30

24

16

have been investigated for anaerobic
digestion* but have yet to be evaluated in
light of the energy requirement for main
tenance of the high temperature possibly
being offset by the increased gas produc
tion rates of this process.

The methane-forming bacteria are very
sensitive to thermal changes and, for
optimum operation, the temperature
should be controlled within a narrow

range of the selected operating tempera
ture. A typical relationship of digester
temperature to hydraulic retention time
is shown in Table II.

Alkalinity and pH

The alkalinity and pH relationship is
very important in digester operation.
Municipal digesters operate in a pH range
of 6.6-7.6 with an alkalinity of
1,000-5,000 mg/liter (as CaCQ3). Pilot-

Varel, V.H., H.R. Isaacson and M.P. Bryant.
1975. Thermophilic methane production
from cattle wastes. Paper presented at the
Amer. Soc. Microb. Annu. Meet. New York,
N.Y. April 27-May 2.
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scale digesters at the University of
Manitoba using swine manure as a sub
strate have operated successfully at levels
up to pH 8.5 and alkalinity of 14,000
mg/literb. Other investigators also have
found that high alkalinities existed within
digesters operating with animal manure.
For example, Taiganides (18) reported
satisfactory performances at alkalinity
levels of 6,800 mg/liter (CaC03) and pH
7.4. Hart (5) found that dairy manure
digested actively at pH range of 7.3-8.0
and alkalinities of 7,000-9,000 mg/liter
(as CaC03).

Mixing

Mixing of digester contents provides
intimate contact between the micro

organisms and their substrate, a mechan
ical release for the gas produced, and a
partial assist in preventing scum forma
tion. Mixing can be accomplished by
mechanical means, by liquid recircula
tion, or by recycling the gas product
through diffusers in the bottom of the
tank. Mixing devices should also be
designed to prevent the deposition of
heavier materials such as grit and
undigested feed from accumulating in the
tanks.

Scum is a collection of light weight,
inert material that collects on the surface
of the liquid in the digester. This accumu
lation, unless broken up and removed,
can reduce markedly the effective volume
of a digester and, if not broken up, also
can impede the release of gas from the
liquid media.

Total solids

The amount of dilution required for
anaerobic digestion is a fundamental
factor in an animal waste management
context. Since the optimum total solids
concentration in an anaerobic digester is
normally 7-9%, and since animal manure
may contain 10-25% solids, considerable
dilution may be required. Liquid manure
systems in barns where adequate dilution
occurs due to washing, leaky waterers,
etc., may not need much, if any, further
dilution. Whatever the total solids con

tent of the digester, it should be main
tained fairly uniformly with only gradual
changes at times such as start-up.

Inhibition

The principle inhibitors of anaerobic
digestion other than the volatile acids,

b Lapp, H.M., D.D. Schulte, E.J. Kroeker and
A.B. Sparling. 1975. Start-up of pilot scale
swine manure digesters for methane produc
tion. Paper presented at the 3rd Int. Livest.
Waste Symp. Urbana, Illinois, April 21-24.

TABLE III APPROXIMATE SOLUBILITY OF C02 INWATER*

Solubility
lb CO I per 1001bH2O

Temp °F
Press

atm 32 50 68 86 104

1 0.40 0.25 0.15 0.10 0.10

10 3.15 2.15 1.30 0.90 0.75

50 7.70 6.95 6.00 4.80 3.90

100 8.00 7.20 6.60 6.00 5.40

200 7.95 7.20 6.55 6.05

f Adapted from (14).

carbon dioxide and pH already men
tioned, are the cationic portions of
sodium, potassium, calcium and
magnesium salts; ammonia, copper zinc,
chromium and nickel; as well as soluble
sulfides. Oxygen and oxidized forms of
nitrogen serve as hydrogen acceptors re
placing C02 and oxidized organic matter
and, in this role, inhibit methane produc
tion.

Animal manure is notably high in
alkaline earth metal salts, ammonia and
sometimes in copper, zinc and sulfur
content. Soluble copper and zinc con
centrations as low as 10 mg/liter have
resulted in complete inhibition of gas
production (10). Copper concentrations
alone in pig slurry have been reported to
range from 4 to 365 mg/liter (10).

It has been said that methane forma

tion will be inhibited when ammonia

levels exceed 1,500 mg/liter (11). In fact,
ammonia toxicity is pH-dependent and is
influenced by the acclimation of the
methane-producing bacteria to free
ammonia. Studies at the University of
Manitoba^ have shown that it is possible
to tolerate ammonium levels of 3,500
mg/liter at a pH of 8.4 with no apparent
reduction in methane production.
Further research is required to
demonstrate digester start-up procedures
that consistently attain tolerance to high
ammonia levels, thereby doing away with
the need to dilute manure while avoiding
digester failure due to ammonia toxicity.

Gas Composition and Production Rates

The composition of gas produced by a
well designed anaerobic digester should
be about 60-70% CH4 and 30-40% C02
with a small amount of hydrogen
sulphide (H2S) (approximately 0.1% in
municipal digester gas) and trace
quantities of other gases such as hydro
gen, ammonia and oxides of nitrogen.
The amount of gas produced in labora
tory studies (Table I) varies widely
depending on temperature, loading rate,

detention time and type of manure.
Swine manure appears to be most
amenable to high rates of gas production,
although Fongc showed that is was pos
sible to achieve equally high rates of gas
production from dairy manure.

GAS PURIFICATION

The principle impurities in gas pro
duced from livestock manure are C02
and H2S. Several methods of C02 and
H2S separation are possible: (i) water
scrubbing; (ii) caustic scrubbing; (iii) solid
absorption; and (iv) pressure separation.

Water Scrubbing

Water scrubbing may be the simplest
method of removing impurities from
digester gas. However, the water require
ments of this process are high. Table III
illustrates the solubility of C02 in water
at various pressures and temperatures.
Scrubbing the C02 from 7 ft3 (0.2 m3)
of digester gas at 68 F (20 C) and 1 atm
pressure (1.03 kg/cm2) requires approxi
mately 2.7 gallons (12.3 liters) of water
(assuming a gas composition of 35% C02
and C02 density of 0.12341 lb/ft5
(55.98 g/m3)). If 7 ft3 (0.2 m3) of
digester gas can be produced from the
wastes of a 100-lb (45.4-kg) feeder pig
per day and the same hog produces about
0.2 gallons (0.9 liters) of manure (2), the
water required for scrubbing the C02 is
more than 10 times that produced by the
hog itself. Increased pressure reduces the
water requirement but corrosion
problems in the compressor are intro
duced. Additionally, when appreciable
quantities of C02 are absorbed in most
waters, the water becomes quite acidic,
posing corrosion problems in handling the
spent water. Hydrogen sulfide also may

c Fong, W.Y. 1973. Methane production from
high rate anaerobic digestion of hog and
dairy cattle manure. Unpublished M.Sc.
Thesis. University of Manitoba, 58 pp.
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be scrubbed with water but the partial
pressure of H2 S in digester gas is normal
ly so low that the mole fraction absorbed
in water is extremely small.

Caustic Scrubbing

The hydroxides of sodium, potassium
and calcium (NaOH, KOH and Ca(OH)2,
respectively) are used commonly in
caustic scrubbing of industrial gases con
taining C02 or H2 S as major impurities.
When a caustic solution is placed in a
C02-bearing gas stream, an irreversible
carbonate-forming reaction occurs follow
ed by a reversible bicarbonate-forming
reaction:

2KOH +C02—>K2C03 + H20 . (1)

K2C03 +C02 + H20 ^=: 2KHC03 (2)

In most industrial applications, no
attempt is made to regenerate the spent
biocarbonate solution due to the high
steam requirement for regeneration.

Carbon dioxide absorption into alka
line solution is hindered by the slow
conversion of the dissolved C02 molecule
into the more reactive ionic species (14).
Promotion of turbulence in the liquid
aids diffusion of the gas molecules into
the body of the liquid and extends the
contact time of the liquid and gas. An
additional factor governing the rate of
absorption is the normality of the solu
tion. With NaOH for example, the rate of
reaction is more rapid at normalities of
2.5-3.0.

Although KOH is used extensively in
industrial scrubbing, its availability to the
public is severely limited in most areas.
Calcium hydroxide is readily available in
most areas, and the cost of operating a
lime-water scrubber is minimal. The chief

disadvantages of lime-water scrubbing are
the difficulites in controlling solution
strength, and the removal of the large
amounts of precipitate from the mixing
tank and scrubber. In most cases, sedi
ment and suspended particulate matter
must be removed in order to avoid

clogging pumps, high pressure spray
nozzles, and bubbling apparatus or pack
ing (14).

Sodium hydroxide has the major
advantage of being available in easily
handled pellet form that allows for rapid
and simple recharging of the scrubber.
The problem of suspended particulate
matter is not eliminated entirely by their
use, as they do degenerate leading to
slushing of the pellets. NaOH pellets are
more expensive but are available in bulk
to the public from many agricultural
chemical dealers.
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Hydrogen sulfide also can be removed
by caustic scrubbing. Using the carbonate
formed in equation 1 for example, H2S
can be removed as potassium hydro-
sulfide, a yellow precipitate.

H2S + K2C03— KHS + KHCO3 (3)

Hydrogen sulfide and carbon dioxide may
also be removed by ammoniacal solu
tions, trisodium phosphate, sodium
phenolate and other alkacid processes
(14). However, their application to
methane recovery from animal manures
appears limited due to the cost of these
processes.

Solid Chemical Absorption

Perhaps the simplest and most eco
nomical method of eliminating H2 S from
digester gas where other constituents
need not be removed is a dry scrubber
containing "iron sponge" made of ferric
oxide mixed with wood shavings. One
bushel (0.0532 m3) of iron sponge will
remove 8.2 lbs (3.7 kg) of sulfur (15). At
inlet conditions of 0.2% H2S, approxi
mately 1.1 ft3 (0.03 m3) of iron sponge
would be required for a 1,000-hog opera
tion where the sponge will be regenerated
once a week (assuming 7 ft3 (0.2 m3) of
digester gas per hog per day). Regenera
tion requires exposing the spent sponge
to oxygen, which converts the ferric
sulfide formed by the scrubbing opera
tion back to ferric oxide and elemental

sulfur.

The reactions occuring in this process
are:

(a) Scrubbing

H20
2Fe203+6H2S^->2Fe2S3+6H20. . . (4)

(b) Regeneration

H20
2Fe2S3+302-2-* 2Fe203 + 3S2 . . (5)

Minimal expense, maintenance require
ments, and ease of regeneration make the
ferric oxide method of H2S removal a
convenient means of protecting storage
tanks, compressors, and internal combus
tion engines from corrosion caused by
prolonged exposure to H2S in digester
gas. Zinc oxide is also effective in re
moving H2 S from digester gas and has the
added advantage of removing organic
sulfur compounds such as car bony1
sulfide and mercaptans. Zinc, however, is
more expensive than iron, which can be
obtained from filings, steel cuttings, etc.

The most widely used solid absorbents
are activated alumina, activated carbon,
silica gel and molecular sieves (14).
Because of their selectivity for both C02

TABLE IV CRITICAL TEMPERATURES

AND PRESSURES OF DIGES

TER GAS COMPONENTS*

Gas

Critical

temp (°F)
Critical

press, (psi)

CH4
co2
H2S
NH3

-116

88

213

270

683.6

1,106.5
1,328.9
1,662.6

* Adapted from (19).

and H2S, molecular sieves have been
chosen for discussion.

Molecular sieves have been used suc

cessfully by industry where high con
centrations of gaseous contaminants were
encountered (6). Commercially available
aluminosilicates appear to be the most
feasible absorbents for C02, H2S and
water vapor. They have the advantage of
producing a clean, dry gas with no high
pressure components. Methane is not
absorbed normally by molecular sieves
until bed temperatures fall to —20°F
(—28.8°C). However, molecular sieves are
expensive and are saturated quickly with
contaminants. Thermal regeneration at
temperatures approaching 500°F (260°C)
is required regularly, the frequency
depending on the weight of sieve per unit
of contaminant in the gas. Based on
industrial experience, approximately 2.7
lb of molecular sieve are required per ft3
of C02 (42.3 kg/m3). Assuming daily
regeneration and daily production of 7
ft (0.2 m3) of digester gas per hog at
35% C02 content, 6.6 lb (2.99 kg) of
molecular sieve would be required per
hog capacity of the production unit.

Pressure Separation

In situations where CH4 is desired at
pressures greater than 1,100 psi (77.34 kg
per cm2) pressure, separation may be
possible. Table IV shows the critical
temperature and pressure of methane and
primary impurities in digester gas. The
basic principle of pressure separation in
volves compression of the gas in excess of
the critical partial pressure of the unwant
ed component while maintaining a
temperature above the critical tempera
ture of CH4 but below that of the
impurity. Carbon dioxide, for example,
will liquify when the gas temperature falls
below 89.6°F (32°C) after compression
in excess of 1,106 psi (77.76 kg per cm2).
Hydrogen sulfide also could be separated
in this manner but, before separation
could occur, the compressor would be
subjected to the H2S and the possibility
of corrosion.
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TABLE V PROPERTIES OF METHANE (9,19)

Chemical formula CH4

Molecular weight 16.04

Density 0.5576 g/cc (air = 1.0)
Characteristics Colorless, odorless

Heat value 1,012Btu/ft3 @14.4 psia,60°F
Critical pressure 684 psia

Critical temperature -116°F

Heat capacity 8.4072 cal deg. l mole * @300°K
Heat of combustion 210.8 kg-cal/g mole @1 atm,68°F
Heat of formation 20.34 kg-cal/g mole @1 atm,68°F

Combustion data

Octane rating 130

Ignition temperature 1,202°F
Limits of flammability 5-15 % by weight

02/CH4 for complete combustion 3.98 by weight; 2.0 by volume

Products of combustion CH4 +202-CO2 +2H20
C02/CH4 from complete combustion 2.74 by weight; 1.0 by volume

TABLE VI COMPARISON OF METHANE AND GASOLINE FUELTANKREQUIREMENTS*

Tank No. of tanks for Volume Tank weight Fuel weight
capacity (equiv. energy) (ft3) (lb) (lb)

Gasoline 16 gal. 1 2.5 10 120

Methane 260 ft3 9 17.0 909 99

Note: Specifications used for high pressure tanks were: Dimensions, 9-inch diam X 51 inch
length; volume, 1.88 ft3; weight, 101 lb capacity, 260 ft3 @2000 psi; M.O.T. rating, 2,400
psi; weight of CH4/Tank, 11 lb.

GAS UTILIZATION

The net energy production for an
anaerobic digester is almost entirely
dependent on its biological efficiency,
heat loss and mechanical input. These
values are only now being established for
installations in colder climates. Energy
consumption for CH4 production
involves make-up heat for conduction and
radiation losses, heating of feed slurry
and agitation.

Methane is known as a permanent gas;
at ordinary temperatures it cannot be
liquified by pressure. Methane gas either
can be burned directly as a source of
energy for heating or cooking or it can be
compressed and used as fuel for internal
combustion engines. Alternatively,
methane can be converted to methanol, a
clean-burning, high energy, liquid fuel.
Table V shows some of the properties of
methane gas.

In order to utilize CH4 in mobile
power units or vehicles, a compromise
must be made between pay-load and fuel
capacity. A comparison of the weight of
fuel tanks and fuel on vehicles equipped
for burning CH4 and those burning gaso
line indicate the advantage of frequent
refueling as opposed to carrying multiple
high pressure tanks (Table VI).

The use of CH4 in an internal combus
tion engine is technically feasible but its
efficiency depends on the removal of
C02 and H2S. Carbon dioxide reduces
the heat content of the fuel but otherwise
has no harmful effects on the engine.
Hydrogen sulphide is corrosive and must
be scrubbed from the fuel to less than
0.25% to avoid bearing damage (1). The
H2S content of municipally-digested
sewage gas is generally less than 0.25%.
However, the H2S content of gas pro
duced from animal wastes is not reported
widely.

Conversion kits are commercially avail
able for converting a standard internal
combustion engine for operation either
with gasoline or methane. A one-half ton
pickup truck with a 260-inch3
(4260-cm3) displacement engine at the
University of Manitoba has been operated
on compressed methane gas since July,
1974. High pressure "oxygen-type"
cylinders, conforming to Ministry of
Transport regulations and carrying gas up
to 2,400 psi (169 kg/cm2), have been
installed for fuel storage on the vehicle.
On an uncompressed basis, CH^ con
sumption has been approximately 11
ft3/mile (0.19 m3/km). By comparison,
the gasoline consumption of this vehicle
has been 14.3 miles per gallon (5.1
km/liter).
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Additional possible farm uses of CH4
are for heating, cooling and converting to
electricity. The C02 possibly could be
used for refrigeration if it were separated
from the CH4 in a liquid state.

Methanol (CH3OH) can be manufac
tured by partial oxidation of methane
with air or water, followed by combustion
at 482°F (250°C) and 735 psi (51.7
kg/cm2) in the presence of highly selec
tive copper-based catalyst (16). The
primary advantage of conversion of Cfl^
to CH3OH for agricultural purposes lies
in storage of liquid fuel rather than large
quantities of gaseous material. Methanol
is a colorless, odorless, water-soluble
liquid. It freezes at -137°F (-93°C),
boils at 149°F (65.0°C), and has a
density of 0.81 g/cc (19). Emissions of
unburned hydrocarbons, carbon
monoxide and oxides of nitrogen from
internal combustion engines fueled by
methanol are reduced considerably and
engine performance is increased with only
a slight modification (16). No informa
tion is currently available regarding the
technical and economic feasibility of
producing methanol from methane
obtained from farm animal manures.

SUMMARY

Animal wastes contain large quantities
of organic matter which, if processed by
anaerobic digestion in a controlled
environment, will produce significant
quantities of methane gas. Anaerobic
digestion has been used for many years
for sludge stabilization in municipal and
domestic sewage treatment systems. The
process has been applied in some warm
climate countries to produce methane gas
as an energy supply; however, the tech
nical and economic feasibility of using
anaerobic digestion to produce methane
has not been established in cold climate

regions.

Anaerobic digestion is a complex
biological process for which successful
operation is dependent upon controlling
factors such as the nutrient balance in the

feed material, loading rate, retention
times, temperature, alkalinity and pH,
volatile acid concentration, total solids
concentration and the degree of mixing.
These factors and their influences are
being monitored in a pilot plant in which
four digesters are being fed with hog
wastes at the University of Manitoba.

Digester gas contains from 60 to 70
percent methane and 30 to 40 percent
carbon dioxide with small amounts of
hydrogen sulfide and traces of additional
gases such as hydrogen, ammonia and
oxides of nitrogen. Methane is known as a

101



"permanent gas" because it cannot be
liquified by pressure at ordinary tempera
tures and this property presents a unique
storage problem, particularly for use in
mobile power units. Procedures for
handling, purification and placing the
methane into storage must be established
for successful production and utilization
of the gas on farms. Safety precautions
also must be observed during the produc
tion and utilization of the gas, since
methane is explosive when combined
with air in ratios ranging from 5 to 15
percent.
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