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Switchgrass
A living solar battery for the prairies

A grandiose scheme is proposed to replant 35 million acres of tallgrass prairie to be used for
ethanol. It would: replace all of Canada’s gasoline requirements; reduce government subsi-
dies to both the agriculture and energy sectors; not only save farms but create rural employ-
ment opportunities; prevent Canada from becoming a net oil importing nation; rehabilitate
prairie soils and wildlife populations; and reduce Canadian COZ2 emissions by 15%. It sounds

all too good to be true; can it be?
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weed. The principal problem has been Switchgrass was of considerable

that too much energy B used 1o grow, harvest and
process the raw material,

When all is said and done, the ethanol industry uses
about as much energy as it provides. Not anly is it
energy inefficient, bul i energy prices escalate, so
doas the cost of the ethanol because its' production
cotels are associated with fossil fued prices. Crops
which have bean bred for use as food for humans or
animals may not necessarlly ba the most efficient
when it comes to using them as energy crops bacause
the fossil fuel dependency is never broken,

In 1985, the U.S Depanment of Energy {DOE) began
a five year program o develop a herbaceous energy
crop. They screenad the potential of traditional and
nen-traditional, annual and perannial, crop plants for
their capacity in producing mederale to high biomass
yields at low cost. The goal of the DOE Herbacaous
Energy Crop Program was to produce compelitively
priced liquid fuels from blomass, with an emphasis on
utilizing marginal lands that were limiled agricutturally
by erosion, wetness or other soil factors.

In 1891, switchgrass, a warm season parennial
grass, was chosen as the model herbaceous crop
species. This was done not with the assumplion that
swilchgrass will be tha only crop for biotue! develop-
ment, rather that it is a very promising species which
provides an opperunity to focus avallable resources
lor development of the Indusiry.

Hative specles

Swilchgrass is not widely known in Canada despite
the fact that it Is a native species found in Ontario,
Quebec and on the prairies in Manioba and Sas-
kalchewan, I's main use presantly is cantrad in the

Economic imporance during the period of settlement
in Manitoba, but the extensive stands of naturally-
present swilchgrass were reduced by overgrazing and
the plowing-up of the native sod,

While switchgrass may not be the queen of forage
plants, it may become the king of bio-mass crops.
Several resgarch reporis from the U.S. have calkcu-
lated switchgrass production costs 1o be less than
$30.00 mt. With a breading program aimed at maxi-
mizing biomass yields, rather than forage quality,
these low production costs should be realized on a
commercial basis. With a projected market value of
$35.00-40.00 mt for cellulosic conversion, there
appears o be significant potential for a viable indusiry.
Compara this with the Canadian wheal industry, with a
market price of approximately $2,00 per bushel and
costs of production al $4.50-5.00 per bushal. in
addition, there is $1.00 per bushel in govemment
subsidies for fraight assistance to move whaoat out of
Ihe Prairies.

Ervironmental trouble

The Westem grain industry is nelther aconomically
nor ecologically viable in its present form. Soil degra-
dation on the Praires was recently cited in Sclantific
American as one of the world's wors! examples of soil
degradation. One oplion that the federal government
is looking at to deal with the problem is to et land
aside. The National Soil Conservalion Program would
be used as a means to retire the most marginal farm
land from production. A similar program called the
Conservation Reserve Program already exists in the
U.5. A recent economic analysis has indicated that it
i5 & less expensive option to put land into swilchgrass
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Figure 1 - Gate price of ethanol and gasoline
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binmass enengy production than into the Consarvation
Reserve Program, while al the same lime achieving
similar erosion confrol goals.

While biomass feedsiock production technologies
have been improving, even more dramaltic has baen
the improvement in athanol conversion technologies
for cellulosic biomass. This was the subject of a major
article in the journal, Science. It shows that a cost
competitive process with gasoling is forecast o ooour
by the end of the decade and that the cost has baen
dropping rapidly with new advancements in biomass
COMVarsion.

Onea ol the best kept secrets in Canada is that the

nation is losing is ofl sef-sufficiency. Oll imparls will
reach $5 5 billion by mid-decade. New Canadian oil
projects are also proving very expensive for the
amount of ol they extract, much of which is heavy oil
requiring considerable processing before marketing. It
costs nearly $10 per bamrel to upgrade heavy oil to
higher value synthetic crude ofl suitable for automohile
use. The rasult is that akthough biomass ethanol may
nol ba competitive with world ol prices at the moment,
it most likely is a less expensive option than new Ca-
nadian frontier o projects such as Hibernla, or heavy
oil projacts like the Tarsands.

Tapping the prairie
Potentially 35 million acres of land currently in sum-

merfaliow and surplus grain production could be made
Continusd an next page

Table 1 - Ethanol yield of Switchgrass

Switchgrass Yield; | 2.8 tac T.0tha
Ethanal Yield

@ 400 lires/ tonne: | 1120 1/ ac 2800 Vha
Lamnd base: 35 milion ac 14 million ha
Ethano! Output: A92 bilkon | 39.2 billion |

Switchgrass hivmass yield as estimated from yinids abtained
in the Northermn LS. Greatr Plalrs near the Canadian border.
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Summary of Switchgrass as a low CO2 loading
ethanol feadstock

1. Possesses a high energy outpul! input ratio

2. Ties up GOz by increasing soil organic matter
{which contains 58% C)

3. Increasas carbon stored In vegetation both
abeowve and below ground relative to presant land
use (summearlaliow and annual grains)

4, Energy for converslon is provided by burning of
lignin leftover after the ethanol extraction (rather
than using fossil fuels)

Table 3 - Relative CO2 Emisslons Per Unit of En-
ergy For Varlous Energy Types.

fir kg 7 GJ energy)

Clilsands 30.0
Coal 247
Petroleum 22.3
Malural gas 138
Switchgrass 1.8

Continued from previous page

availabie for the development of an ethanol indusiry
hased on taligrass species such as swilchgrass. This
would be made up of the 20 milion acres currently in
summerfaliow in Westem Canada, and 15 million
aores currently in spring cereals, It would represent a
30%% reduction in cereal acreage in Canada The most
marginal cereal growing areas would be tangeted first,

Currenl Canadian gasofing consymption is approxi-
mately 30 billion ldres per year, which would require
approximately 37.5 billion fitres of ethanol for substitu-
fien (One lire of gas can be replaced by 1.25 lires of
ethanal).

A tallgrass-based ethanol industry of this size could
entirely replace Canada's gasoline reguirements, as
well as help Canada take a considerable step lowards
reaching COz2 reduction goals. Switchgrass not only
raguires lower energy inputs for growing, bul also re-
quires few energy Inpuls for ethanol conversion. The
sleam and electricity used 1o convert the switchgrass
to ethanol can be derived from the combustion of the
lignin (approximately 7% by composition) leftover after
the ethanol extraction process. This represants a
major difierence comparned to the grain ethanol
industry, which requires large energy inputs from fossil
of nuclear energy sources for its convarsion.

Effects on Canadian COz Emisslons

A5 a renewable Diomass source of energy,
switchgrass has tremendous polential 1o reduce CO2
amissions refalive to other energy sources (Table 2,
0z emissions from the production and combustion of
gasoline are approximately 2.5 kg COz per Ftre of 75
million tonnes of COz Inom the 30 billion fitres ol
gasoline consumed in Canada annually. Assuming
ernanol derived from switchgrass yields 10% the
caroen of gasoling (due to the carbon associaled with
=2y inpuls in growing and iransporting the
catchrass), i would release 7.5 million fonnes of
T 0o The resuting nef annual reduction lo Canadian

From Environmen! Canrada, 1289 and U5, Department of
Enargy 1931

COz emissions (67.5 million lonnes) rom a
swilchgrass based ethanol industry would be approxi-
mately 15% (with current Canadian COz emissions of
approximately 450 million tonnes), As well, the change
in land use from summerfaliow and whaat, to peren-
nial faligrasses, would store an additicnal 810 rmillicn
tonnes of GOz, This would come from increased
carbon storage in above and below ground vegetation
(270 million tonnes), and restoration of soil organic
matter levels (540 milkon lonmes).

Large industry

An ethanol industry based on biomass, producing 40
billion litres annually, could be established by building
four hundred ethanol plants, each one wilh a capaciy
of 100 milion lires. This would provide thousands of
jobs to some of the most disadvantaged areas In Can-
ada, It would greally stimulate the farm economy as it
would bring into preduction 20 million agres of sum-
meraliow that are currently bringing in no income, As
well, it would improve net retums to lamers by in-
creasing crop yields while lowering inputs; the remain-
ing cereal and oilsesd acreage would be rotated with

Cantinued on page 8

Steps In Conversion of Grass to Ethanol

1. Pre-treatment
Steam miplode material to rupture cells making
carbohydrates avaitable o attack by enzymes.
2. Enzymatic Hydrolysis
Enzymas are addedto conven the carbohydrates
into fermentable sugars
3. Fermentation
Sugars are fermented through the addition of
yeasls and bacteria to make ethanol
4, Distillation
Dilute ethanol is purified out of the broth
§. By-product Utlltzation
The lignin that is leftover after the extraction of
athanol is burnt to provide the steam and electric
ity 1o drive the conversion process
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Switchgrass: A Resource Efficient Plant For Conversion to Ethanol

Dependable and productive yields

Up io 14 tonnes per acre have been recondad in
the LS., with yields o 3 - 5 lonnas per acre in
Cenlral Canada, and 2.5 - 3 tonnes per acre on the
Prairies, being reasonable (bul conservative)

Land base availabllity

production levels for Canadian regions. Yields are
relatively stable from year 1o year, even with cli-

matic changas.

Water efficient

it has & deep root system and
is a C4 spacies which provides
it with excellent drought oler-
ance (it uses only ong half the
water of cool s8ason grasses
per gram of dry matter pro-
duced).

Nutrient efficlent

Switchgrass possesses a lower
M, P and K content than cool
sedason grasses. Optimal yield
can be obiained at much lower
M fertilizer application rates
than cool season grasses, I
responds o phosphorus only
on soils POSSESSing a low, or
very low, P level, and rarely
responds to potassiom. it
may even be getting some of
ils nitrogen lrom free living
{nitrogen-fixing) bacteria in

the soll thal ara commorily
associated with warm season
grasses.

Low establishment costs
Seeding rates of 1.6 kg per
acre are required, at a seed
cost of approximately $7/ kg.

Low harvest costs

Harvested anly once during the
production year, minimizing
cutting, raking and bafing
oparations.

Stand longevity

Switchgrass has a productive
stand life of 10 years or more.
It has minimal disease and
insect problems and adapted
cultivars are as winter hardy as
timaithy.

Switchgrass

Switchgrass can be grown on marginal crop lands
whare alhar crops hava cavsed soil degradation, or
whera weather conditions are oo variable for
reliable production of aihar crops,

Soll restoring

Swilchgrass was a dominant
grass on the Morth America
prairie that orlginally buil
some of the most produciive
and rich lopsois in the
Western Hemisphere.

It improves sofl aggregate
stability and increases soil
organic matter kevels,

High ethanol yiald
SBwitchgrass has a lower
nitrogen, ash and lignin
content than other
herbaceous spacies. Current
ethanol yield estimalas are
400 litres per tonne, which s
as high or highar than
ethanol yields from grain.

Farmer friendly
Switchgrass can be rofated
with regular farm crops and
can ba grazed or hayed

to supplement forage
production on livestock
tarmg. i can be grown and
harvested with equipmen
that most farms akready
possess and g harvested
in early tal when haying
aquipmant is generally

not in use.

Environmentally friendly
Swilchgrass is an endemic
spacies o Canada.

It provides excellent
nesting cover for birds.
It has a tremendous root
mass which providas if
with a large underground
blomass storage of carbon,
thereby acting as a sink
for carbon to help offset
the greenhouse effect.
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Switchgrass

Continued from page &

the land that was previously under sofl improving bio-
MASS CIops.

Other Environmental Impacts

Some concerns have been expressed aboul devel-
oping 35 milion acres of tallgrass prairie and potential
negalive impacts on the anvironment. Firstly, this
should be viewed in the perspective of current land
use, and sacondly, with the soil's original state.
Presently the land i= used primarily for 20 milion
acres in summeraliow and 45 million acres in cereals;
a herbaceous biomass crop is certainly more environ-
mentally desirable tham annyal grain production or
summmerdalow. Switchgrass doesn't necessarily need
1o be monocuitured and could be sown in mixtures
with other native warm season species if high yielding
cultivars could be identified and developed. At the
fime of settlement in Nofh America, an area 1600 Kil-
ometres from east to west and 1600 kilometres north
to south, stratchad seross the Great Plains, dominated
by Bluestems, Indiangrass and Switchgrass. in the
narthermn prakie, cool-season grasses, such as crested
and Inlermedials whealgrasses, may be batter
adapted than swilchgrass. In moist areas in the north,
reed canarygrass may also prove wall adaptad.

Wildlife & Water Quality

The re-asiablishment of 35 million acres of tall-
grasses on the prairies would alsa have a iremendous
impact on reviving wildlite populations. This could
greatly revive the populations of grassiand birds
species as well as game birds and mammals,

In Cintario and Cuebec, switchgrass may be able to
play a significant role in mproving water quality. t
could be planted on highly erodible sites and on field
bardars (such as the three metre band being imple-
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The Prairies are in desperate
need of a long term solution to
the farm crisis. The diversifica-
tion of the agricultural economy
through the development of a
tallgrass-based ethanol industry
looks very promising.

mented along watér courses in Quebec). As well, it
may be used on sandy soils where excessive nitrate
leaching is associated with conventional com produe:
tion mathods.

Promisae for the Prairies

The Prairies are in desperate need of a long lerm
solution ta the farm crisis. The diversification of the
agricutiural economy Through the davelopment of a
tallgrass-based ethanol indusiry locks vary promssing.
Mora research on breeding and produclion of tallgrass
pramig species, such as switchgrass, and on ethano!
convarsion is required. A full cost accounting of gov-
gmment expenditures to the grains and ollseed seclor,
and 1o the Canadian ol industry, is also required to
clearly show the justification of developing the bio-
mass-based ethanol industry. Even more essential is
a vigion for bringing back pride 1o the Prairies through
envirgnmentally-sound, ensrgy-efficiant and economi-
calty stimulating programs.

Based on a REAP-Canada presemtation fo the House of Com-
mons Standing Commities on Agriculiure, Study on Svstain-
able Agricuiturs, Ocfobar 21, 1997,
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