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The amount ofbiomass produced by Canadian agriculture is estimated at 118 X 106 tonnes. Ofthis total, approximately 73%
isconsidered marketable in the form of grain, animal products, fruitand vegetables. Whenthe unharvested biomassand waste
products areadded together, an estimated additional 30 X 106 tonnes of material canbecredited to agricultural production.
Animals, which are the only means ofharvesting much ofthe biomass produced onourmarginal lands, provide notonly asource
of protein butalsoa source of manure. Theavailability of thismanure combined withthat ofplantwaste mustnot beoverlooked
asa possible renewable energy source. Anaerobic digestion, pyrolysis and hydrolysis aremethods forutilizing thebiomass system
wastes. In today's energy-conscious society, the possibilities of converting these wastes into viable energy forms demands
immediate investigation.

INTRODUCTION

Canada has a land area of some 900 X 106
ha. The area of agricultural capability
comprises approximately 115 X 106 ha or
roughly 13%of Canada's total area (Shields
and Ferguson 1975). From these 115 million
ha, the quantity of agricultural biomass
produced amounts to an estimated 118 X 106
tonnes (Table I). When the unharvested
biomass and waste products are considered,
the magnitude of this renewable resource
can be seen. The amount of waste biomass
outlined in Table II has certain assumptions
made in regard to availability (Downing
1975). Biomass crops could, of course, be
grown specifically for energy purposes with
in the farm sector following the "fuel
plantation" concept (Szego and Kemp
1973). Production of liquid, solid or gaseous
fuels from biomass is possible based on
conventional crops, short rotation forestry
(including hybrid poplars) or in the future
on crops specifically developed for high
biomass yields. Agricultural cereal produc
tion as a source of renewable energy has
been considered in the past. Fuel ethanol
production from wheat was studied by
Clark, D.S. et al. (Ethanol from renewable
resources and its application in automotive
fuels, published by the Minister responsible
for the Canadian Wheat Board, 1971)
during a period of grain surplus. They
estimated that even for a 10% alcohol blend
with gasoline at 1971 usage rates, a raw
material equivalent to 221.6 million bu of
wheat would be required for the alcohol
production. It is evident that such usage of
food or feed material is not appropriate in
today's hungry world. Faced with a rapid
depletion of non-renewable fossil fuel, ag
riculture should be looking within itself to
make certain that efficient use is made of all
available resources.
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TABLE I AGRICULTURAL PRODUCTION OF BIOMASS AS FOOD AND FEED

Product Quantity Energyf

X 106 tonnes X 1012 BTU X 106 G. joules

Cereal grains 33.3 549. 579.
Oilseeds 2.2 42.4 44.8
Forages 35.2 559. 590.
Pasture 43.1 595. 627.7
Fruit, vegetables and

potatoes 4.15 9.6 10.1
Dairy products 9.2 19.9 21.
Meat and poultry 2.0 21. 21.6
Total of plant origin 117.95 1755. 1851.6

fl GJ = 109 joules = 9.47 X 105 BTU = 2.39 X 105 kcal.

TABLE II AVAILABLE CANADIAN BIOMASS PRODUCTION WASTES AND RESIDUES

Product Quantity Energy*

X 106 tonnes X 10'2 BTU v X 106 G. joules

Animal wastej 12.6 263.6 278.2
Crop residue§ 16.9 234. 246.9
Total 29.5 497.6 525.1

tGJ = 109 joules =9.47 X 105 BTU = 2.39 X 105kcal.
JAnimal waste is based on the assumption that cattle in the east are in pasture approximately 1 3 time
and that cattle in the west are largely on range and therefore only '/4 of the manure is available.

§Crop residue averaged at '/: ton per acre. Straw is available at over 1ton per acre in the east but much
less in the west.

The Resources

The waste products of Canadian agricul
tural production have, at least in theory, a
tremendous potential for energy. Estimates
indicate that the gross energy content of
these residues exceeds 0.5 X 109 GJ annu

ally. This total is about 7% of the total
annual Canadian usage (7.4 X 109GJ or 7 X
1015 BTU primary energy). While it is
evident that only a portion of this energy
could ever be recovered, the magnitude
produced demonstrates that it must be
considered as a potential energy source.

Agricultural wastes, primarily as straw
and manure, offer potential. Animal wastes
constitute a large volume of material; how

ever, it is not all available for use as an
energy source. Range and pasture cattle
manure is not available, but manure from
confinement housing such as dairy and beef
feedlots, swine and poultry operations is not
only available but in many cases constitutes
a removal problem. Crop residues are widely
distributed, thus incurring an energy penalty
in terms of collection. They are also required
for soil maintenance in many areas.

Utilization Routes

The obvious utilization of animal man

ures for fertilizer has a definite impact on
input energy requirements at the farm level.
The Council for Agricultural Science and
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Technology Report No. 41 (1975) indicates
that manure could supply 19, 38 and 61% of
the nitrogen, phosphorus and potassium
used annually in chemical fertilizers in the
U.S.A. However, fertilizer use of manures,
particularly from large confinement opera
tions, is complicated by the energy costs for
transport and distribution, storage facilities
required, odor problems and possibilities of
groundwater contamination.

Anaerobic Digestion

Production of methane gas from man
ures through anaerobic digestion has been
practiced in the past in Europe and is now
receiving renewed attention as petroleum
prices increase. In Germany during the
1950's some farms generated methane for
tractor fuel. Low petroleum prices later
rendered these operations uneconomic and
they were discontinued. More recently small
scale methane systems have been put into
use in India, Korea and Taiwan. The gas
produced is used on site for cooking pur-
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Figure 1. Methane production from organic
waste by two-stage microbial fermenta
tion.

poses. Research in the U.S.A. has mush
roomed and many laboratory and pilot-
plant studies are underway investigating
economic feasibility and equipment factors.
Agriculture Canada has been supporting a
major investigation of farm methane pro
duction through the work of H.M. Lapp at
the University of Manitoba (Lapp 1976,
1977 Agriculture Canada/DSS Reports of
Contracts 0SW5-0018 and OSW-0527).
There, the equipment and techniques re
quired for operation in our northern climate
are being studied (Kroeker et al. 1975).

The anaerobic digestion of animal waste
to form methane-rich gas is a two-step
microbial fermentation. Initially, acid-form
ing bacteria break down the volatile solids to
organic acids which are subsequently util
ized by methanogenic organisms to yield
methane-rich gas (Fig. 1). Typical gas com
position is: methane, 50-70%; CO,, 25-45%;
N2, .5-3%; H2, 1-10% with traces of H2S.
Heating value of the gas is in the 18-25
MJ/m3 (500-700 BTU/ft3) range. Normal
operation of the anaerobic digestor requires
temperatures about 35C, which points up a
major drawback for use in the Canadian
climate. To maintain digestor temperatures
under such cold conditions, a large portion
of the methane produced is needed for
heating purposes. The other major dis
advantages of the digestion system for farm
operations are the high capitalization costs
and the explosive properties of the methane.

On the positive side, integration of
methane production facilities into the re
quired waste handling facilities of large scale

WOOD WASTE
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confinement housing operations should be
feasible. Large poultry, swine and dairy
operations near major centers must treat
and dispose of the wastes in a manner which
minimizes the odor problem. Anaerobic
digestion stabilizes the waste and the diges
tor sludge is relatively odor-free and yet
retains the fertilizer value of the original
manure.

Methane is best suited to heating uses.
This would work well with broiler opera
tions where heating accounts for most of the
energy use.

Other uses for the gas include water
heating (dairy operations in particular)
residence heating, and grain drying. Storage
facilities are a problem, particularly with the
seasonality of gas production which is low in
the winter when the heating requirements
are high.

Increased efficiency of methane produc
tion should be possible through the use of
other lower grade energy sources, such as
solar energy to maintain digestor temper
ature and wind-generated compressed air to
operate agitator and pump motors.

An extension of the anaerobic digestion
facility to include algal growth for single cell
protein (SCP) production has been sug
gested (Gasper et al. Paper No. 75-3545
presented at 1975 A.S.A.E. Winter Meet
ing). In their system, algae are grown in
culture tanks on the digestor effluent. The
SCP would find a use in feed formulations.

They also suggest the use of waste industrial
heat to maintain digestor temperatures.
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Figure 2. Products available from the conversion of wood wastes (from Pulp and Paper Research Institute of Canada report OSY4-0093).

CANADIAN AGRICULTURAL ENGINEERING, VOL. 19 NO. 2, DECEMBER 1977 85



developed to various degrees between lab
oratory and commercial scales. One very
interesting process is the enzymatic hydrol
ysis of cellulose to glucose developed at the
U.S. Natick laboratories (Spano et al. 1975).
Over a period of several years they have
developed mutant strains of Trichoderma
viride which produce useable cellulose en
zymes. Milled cellulose waste is hydrolyzed
to glucose (Fig. 6) which is then available for
further treatment. Some pretreatment of the
cellulose is necessary to improve the hydrol
ysis. Ball milling of the material exposes
more of the crystalline cellulose to the
enzymes for hydrolysis. Up to 78% sacchar-
ification of the cellulose has been achieved in

48 h and up to 66% in 24 h. The degree of
conversion depends on the feedstock and
pretreatment. Because of the degree of
sophistication required in the hydrolysis

processes, these will be restricted to the large
industrial operations and not be applied at
the farm level.

SUMMARY

Modern mechanization, fertilizer and
pesticide production which have allowed the
great strides in productivity are energy
intensive, but a return to the "old days" of
high labor, low energy agriculture is not
possible with the demands being placed on
the production system. There is, however,
the possibility of increasing agriculture's net
energy output/ input balance by utilizing the
large quantities of waste produced. The
techniques for utilizing biomass residue are
available, at least in the pilot-plant scale.
Much more work in Canada is needed on

both the conventional and energy economics
of using existing biomass production. The
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Pyrolysis

While methane generation offers the best
possibility for energy recovery from agricul
tural wastes at the farm level, several higher
technology procedures can be applied. Py
rolysis processes (intermediate and high tem
perature), hydrogasification, and hydrolysis
can all be applied to agricultural waste (Fig.
2). These technologies can be used for
preparation of chemicals from the biomass
as well as energy recovery. Of particular
interest to agriculture are the preparation of
alcohols for fuel, ammonia for fertilizers,
glucose for food and feed either directly or
through the production of yeasts for SCP.

While the majority of pyrolysis research
has been directed toward urban refuse, these
techniques are equally applicable to agricul
tural and forestry waste products. Recent
studies in Canada outline the use of forestry
wastes for fuel and chemical production.
Pyrolysis of biomass material yields oil, char
and low BTU gas (Fig. 3) The initial gas has
a heating value of 4-17 MJ/m3 (100-450
BTU/ft3). The gas may be burned directly,
upgraded to pipeline quality or used as a
feedstock for the manufacture of other

products, including methanol. This latter
option is being seriously studied in Canada.
The oil and char can be used to provide the
required heat for the pyrolysis or as stoker
fuel. Agricultural residue, like straw, is very
widely distributed and of low density. Cereal
grain straw is available at near Vi ton per
cultivated acre with about 49 million acres

(20 X 106ha) presently cultivated in Canada.
The problems of collection, transport and
storage of this material in adequate volumes
to operate a large pyrolysis unit are evident.
One approach to this problem has been the
development of a mobile pyrolytic unit by
the Georgia Tech Engineering Experiment
Station (Tatom et al. 1975). Their mobile
unit (Fig. 4) was built on two trailers which
could be moved to small sawmills or other

sources of waste biomass. With a capacity of
100 t/day a mobile unit could be set up at an
individual farm to process straw which had
been collected and stored. The straw could
then be converted to useable grade fuel for
farm application or for sale. Gas from the
pyrolysis was used to power the system
engine and generator and as a heat source
for the input feed drier. In agricultural
applications where the straw has been air-
dried and stored, drier capacity would be
lower and techniques for handling and
storing the gas would be required.

Hydrolysis

The use of waste biomass as a source of
food or chemical raw materials has received
considerable attention. Cellulosic materials
which are produced in abundance can be
subjected to chemical or enzymatic hydrol
ysis to yield glucose which can be used
either directly as food or feed or alter
natively used for fermentation (Fig. 5).
Numerous hydrolysis processes have been
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Figure 4. Trailor mounted mobile pyrolysis unit (adapted from Taton).

problems of the wide distribution of mat
erial must be examined closely, and con
sideration given to integrating the use of
biomass residue with urban waste and forest

biomass systems. Supplementary urban
waste utilization systems with biomass
might make combined plants economical for
smaller population centers. Development of
anaerobic fermentation for on-farm use is

progressing. While methane is well suited to
heating applications, from the farm oper
ator's point ofview development ofmethods
for its use in mobile equipment would be
very desirable. Safety standards and man
agement procedures are needed for methane
production and storage facilities. In the area
of pyrolysis and hydrolysis operations based
on biomass residue utilization, more de
tailed studies are needed on availability,
transport and storage problems and, of
course, economics.

Biomass production specifically for en
ergy use, either in electrical generation or
alternate solid, liquid or gaseous fuels, offers

many possibilities. Questions of land use
policy will have to be addressed, especially if
agricultural land is to be used.
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