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“Creating Ecological Food, Fibre, and Energy Systems”

Unprecedented opportunities for biofuel
development are occurring as a result of a
combination of factors including: rising oil,
natural gas and electricity costs, energy se-
curity in the US, and the need to reduce
greenhouse gas (GHG) emissions. The 1.1
billion acres of farmland in North America
could help mitigate these concerns if cur-
rently viable biofuel production systems
were expanded. In most agricultural re-
gions, warm season grasses can be grown
for USD $2-$3/GJ. Much of this farmland
can collect 100-250 GJ of energy per hect-
are with existing production technology and
plant materials. Efforts have been made to
produce power and liquid fuels from this
material, but the development strategies ap-
pear not to be sustainable economically.

‘Energy farming’ is a promising solution to help meet our Kyoto
commitments.  Biofuel pellets made from prairie grasses can be
used for space heating homes and buildings.

Grass Biofuel Pellets:
An ecological response to North
America’s energy concerns

By R.Samson, R.Jannasch, T.Adams & C. Ho Lem

Converting this feed-
stock into a viable en-
ergy option suitable for
widespread application
requires an energetically
efficient, economical,
and convenient energy
transformation pathway
to meet consumer energy needs.

Finding Energy Farming’s
Comparative Advantage

The recent development of “close
coupled” gasifier pellet stoves and furnaces
capable of burning moderately high ash
pelleted agricultural fuels, provides a com-
pletely new fuel cycle for energy farming
development [1]. When burned in the gas-

ifier stoves and furnaces, pelleted switch-
grass provides fuel conversion efficiencies
and particulate emissions in the same range
as modern oil furnaces. Each GJ of grass
pellet energy directly substitutes for one GJ
of oil, and can be utilized on a large scale
without significant air pollution. The pel-
letized grass biofuel systems builds on, and
is likely to overtake, the existing wood pel-
let heating industry which is rapidly devel-
oping without any significant level of gov-
ernment intervention. Pelletized grass
biofuel is poised to become a major fuel
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THE MAYON TURBO STOVE:
Fueling the Fight
Against Poverty

C. Ho Lem & R. Samson

The Mayon Turbo Stove developed by REAP-
Canada is the cleanest burning low cost rice hull
stove for peasant households in the world.

Inspired by the Mayon volcano in the
Philippines, the Mayon Turbo Stove (MTS)
has a near perfect cone design that allows
the efficient combustion of crop residue pro-
duced by milling the worlds most impor-
tant food crop. Low-income rural families
can now utilize surplus rice hulls found
throughout much of the developing world

Continued on page 6
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source because it is capable of meeting some
heating requirements at less cost than all
available alternatives. The cost-effective-
ness of pelletized grass as a fuel results
from:
⇒ efficient use of low cost marginal farm-

land for solar energy collection
⇒ minimal fossil fuel input in field pro-

duction and energy conversion
⇒ replacement of expensive high-grade

energy forms in space and water heat-
ing

⇒ minimal biomass quality upgrading
which limits energy loss from the feed-
stock

⇒ efficient combustion in advanced, af-
fordable, and user-friendly devices

Contrary to the prevailing wisdom that
reducing GHG emissions will raise societal
energy costs, pelletized biofuels can provide
consumers with lower and more stable heat-

ing costs while dramatically cutting GHG
emissions. Given that agricultural commod-
ity prices are declining in real dollars, pel-
let fuels are likely to become cheaper over
time. By contrast, wood-based pellets have
been rising in cost due to ongoing improve-
ment in industrial wood utilization, which
is reducing the waste fraction of delivered

Grass Biofuel Pellets:An ecological response to North America’s energy concerns

roundwood. Furthermore, the
development of a grass pel-
let biofuel industry has great
potential to revitalize the ru-
ral economy of North
America by absorbing the
surplus production of the ag-
ricultural sector, and cutting
on-farm fuel costs in heating
intensive sectors like green-
houses.

The Potential for Energy
Farming

with Grasses
Of the farmland in North America (932

and 168 million acres in the US and Canada
respectively), we estimate that 150 million
acres could be dedicated to energy farming
without appreciably affecting North
America’s food supply. Assuming biomass
energy crop yields are 50% higher than the
current hay yields, harvested perennial grass
yields of 5.9 and 8.1 tonnes/ha in Canada
and the US respectively can be expected.
By energy farming 130 million acres in the
US and 23.4 million acres in Canada, a to-
tal production capacity of 424 and 55 mil-
lion tonnes could be achieved in the two re-
spective countries. Assuming grass fuel pel-
lets contain 18.5 GJ of energy/tonne, 8.9
billion GJ (an energy equivalent of 1.5 bil-
lion barrels of oil) could be produced each
year from energy crop production on 14%
of North American farmland. With U.S.
crude oil imports of approximately 3.4 bil-
lion barrels per year, the U.S. could displace
the equivalent of 39% of its oil imports by
growing biofuels on 14% of its farmland.

The Economics of Pelleted Biofuels
The most promising regions to develop a

grass pellet fuel industry are those where
hay production costs are low, and heating
costs are high due to long winters and high
fuel costs. Based on hay prices, land costs,
relative winter heat costs, and warm season
grass performance data in North America,
the best opportunities exist in the states of
North Dakota, South Dakota, Nebraska,
Minnesota, Wisconsin, and the provinces of
Manitoba, Ontario, and Quebec.

An ideal location for a biofuel pellet in-
dustry is the province of Manitoba. This
largely agricultural province has amongst

ASSUMPTIONS:
The heating costs of fuel types are unrelated and the dotted line connecting the different heating costs is for
illustrative purposes only.
Electricity has an energy content of 0.0036 GJ/kWh, a delivered fuel value of 10.28 cents/kWh (tax included),
a C02 loading value of 84.5 kg C02/GJ and is converted at 100% efficiency. The approximate electrical mix for
Ontario is: 26.1% hydro-power, 40.3% nuclear, 33.1% fossil, 0.6% other (OPG, 2001 http://www.opg.com/
envComm/SED2001Report.pdf).
Heating Oil has an energy content of 0.0387 GJ/l, a delivered fuel value of 67.45 cents/l (tax included), a C0

2

loading value of 89.67 kg C0
2
/GJ, and is converted at 82% efficiency.

Natural Gas has an energy content of 0.03723 GJ/m3 ,a delivered fuel value of 46 cents/ m3  (tax included), a
C02 loading value of 62.13 kg C02/GJ, and is converted at an average efficiency of 85%
Wood Pellets (bagged) have an energy content of 19.8 GJ/tonne, a delivered fuel value of $230/tonne (based
on #1 pellet price plus tax), a C02 loading value of 8.17 kg C02/GJ, and are converted at 82% efficiency
Switchgrass Pellets (bagged) have an energy content of 19.0 GJ/tonne, a delivered fuel value of  $184/tonne
(based on current #2 pellet price plus tax) and a C0

2
 loading  value of 8.17 kg C0

2
/GJ, and are converted at 82%

efficiency.

b  Heat estimates made for a new detached 2000 sq. foot home with a 90GJ heat requirement (Natural Resources Canada, 1997).
The analysis does not include capital costs associated with equipment.

“8.9 billion GJ (an energy

equivalent of 1.5 billion barrels of

oil) could be produced each year

from energy crop production on

14% of North American farm-

land.”

Fuel cost and GHG emission in Ontario for household heating
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Growing Interest in Grass Biofuels

A market study REAP-Canada conducted on grass pellet
fuels in Ontario, suggests that a promising new opportunity
for farmers is on the horizon.

By Rupert Jannasch

The sharp increases in oil, natural gas,
propane, and some regional electricity
prices during the last ten years have dem-
onstrated consumer vulnerability to fluctua-

tions in energy supply. Farmers are particu-
larly vulnerable because as primary produc-
ers they are often expected to swallow
higher energy costs. These high energy
prices combined with low food commodity
prices represent a double threat to the pros-
perity of Ontario farmers.

One solution to resolve both problems
would be to commercialize renewable,
biofuel crops. By doing this, it would help
diversify Ontario’s farm economy, as well
as allow farmers to increase their energy
self-reliance and control their energy costs.

The need to find alternatives to fossil fu-
els and to reduce greenhouse gas (GHG)
emissions has heightened interest in
biofuels.  REAP– Canada, has pioneered the
development of biofuel pellets made from
switchgrass (Panicum virgatum), a peren-
nial grass native to the Great Plains and east-
ern North America. Switchgrass is a warm
season grass adapted to marginal soils and
arid climates with minimal fertility and
management requirements.  Switchgrass is
best adapted to well drained soils and grow-

ing seasons with 2500 or more Corn Heat
Units. Switchgrass has reasonably good
frost tolerance and would be advantageous
in areas that are risky for corn and soybeans.

Switchgrass
pellets are used
much like
wood pellets.
The goal has
been to expand
the pellet heat-
ing market
from an esti-
mated 10,000
wood pellet
space heaters
in Ontario by
increasing the
choice of fuels.
The supply of
surplus wood
residues (saw-
dust, wood

chips, etc.), for example, has declined by
approximately 50% across Canada between
1990-1998. Over the past few years, many
pellet processors across Eastern Canada
have been unable to obtain enough sawdust
to manufacture fuel, thus homeowners have
experienced difficulty obtaining pellets.

Until recently, combustion of moderately
high ash pellets made from grasses or tree
bark was limited by a tendency for clinker
(fused residues) formation in pellet stoves.
Dell-Point Technologies and Grove Wood
Heat Inc., however, have now developed
technology to efficiently burn these materi-
als in pellet form.

REAP-Canada conducted the first stage
of a switchgrass pellet market survey for
Eastern Ontario in 2001.  Farmer surveys
and land-based assessments were used to
identify opportunities and needs for the in-
dustries development. More specific mar-
ket data will be released later this year.

Farmers responding to the survey ranged
from hobby farmers to large cash crop (over

‘Energy Farming’ grasses, a new cheap indigenous energy source for
Eastern Canada.

Continued on page 4

the lowest hay prices in North America and
no indigenous fossil energy reserves. The
spread between delivered heat costs of con-
ventional energy sources and hay costs is
rapidly growing. In real dollars, long-term
hay prices remain flat at USD$2/GJ
(USD35$/tonne) while delivered heat costs
for natural gas, oil and electricity are rising
and are now in the USD$10-$13/GJ range.
With current pellet production costs esti-
mated to be $2/GJ (USD$35/tonne) and a
conversion efficiency of 80%, delivered
heat costs for on-farm and residential grass
pellet fuels are projected to be in the
USD$5-$7.50/GJ range. There are major
opportunities for Manitoba households to
switch from electrical heating (used by 32%
of households) to biofuel heating systems.
Widespread implementation of this energy
substitution strategy would enable hydro-
rich provinces, such as Manitoba and Que-
bec, to expand electricity exports into the
US market.

Summary
This paper makes the case that the easi-

est way to move biomass energy ahead in
North America is to focus on the develop-
ment of pelletized grass biofuels as an eco-
logical substitute for high-grade energy
forms such as oil, natural gas and electric-
ity in heat related energy applications. North
American energy markets could be pro-
foundly transformed by the development of
a large-scale pelletized grass biofuel indus-
try. As prices continue to rise for high-grade
energy forms, low priced biofuel pellets will
increasingly become the heating fuel of
choice for many North American energy
consumers.

This paper was presented at the Tenth Bi-
ennial Bioenergy Conference September 22-
26, 2002 in Boise, Idaho

Reference
Samson R, Drisdelle M, Mulkins L,

Lapointe C, Duxbury P. The use of Switch-
grass Biofuel Pellets as a Greenhouse Gas
Offset Strategy. Bioenergy 2000 Confer-
ence, Buffalo, New York, October 15-19,
2000.
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2000 acres) and hog farming opera-
tions. The greatest risks associated with
developing a grass fuel pellet industry
were perceived to be: slow consumer up-
take of pellet stove heating, low demand
for pellets (initially), bale storage fires,
and high transport costs.

Interest in pellet production and heat-
ing systems among farmers stemmed
from a desire to:  develop energy self-
reliance and certainty of supply, control
on-farm energy costs, diversify on-farm
income, utilize marginal lands, and adopt
more environmentally sound heating sys-
tems. Hog farmers saw a double role for
switchgrass both as a sink for manure and
as an alternate fuel for heating hog barns.

One of switchgrass’ many advantages
as a cash crop is its large quantity of po-
tential markets. Farmers expressed inter-
est in using pelletized switchgrass for
heating barns, shops, houses, green-
houses, as well as for off-farm pellet
sales. Others proposed using switchgrass
for livestock bedding, garden mulch,
mushroom compost and buffer strips on
organic farms. The diverse uses for
switchgrass help build confidence that

Growing Interest in Grass Biofuels

farmers will find a profitable market
for it as the pellet market evolves.

Prospective growers wishing to ex-
port switchgrass or switchgrass pellets
from their farms expect a return simi-
lar to, or better than, a hay crop.

Land use assessment
Apart from soil and climate, one of

the main factors affecting a region’s
suitability for biofuel crops is land
costs. REAP-Canada estimates that an
attractive land rental cost for switch-
grass production, based on current
switchgrass production costs and
yields, would be $60/Acre or $15 per
dry tonne harvested. Consequently,
some sections of Ontario are not as
well suited for switchgrass production,
particularly high value cash crop
growing areas.

Four areas in Eastern Ontario were
identified with good potential for
switchgrass production. These in-
clude: (a) Prescott and Russell County
and the Alfred area, (b) Renfrew

Pellet Stove Suppliers:

• Dell-Point Technologies
Blainville, Quebec
1-877-331-6212
http://www.pelletstove.com

• Grove Wood Heat Inc.
Little York, P.E.I.
1-902-672-2090

County ranging from Arnprior to Pembroke,
(c) Lanark Highlands and (d) the
Peterborough area ranging from Lindsey to
Hastings. These regions were suitable due
to soil type, sufficient heat units, and land
availability.

Renfrew County has the advantage of an
existing pellet mill that once processed al-
falfa from over 4000 acres in the area. The
Lanark highlands, in contrast, have very
little infrastructure but a large underutilized
agricultural land base with well-drained
soils, low land rents ($0-40 per acre), and
little risk of competition for land from es-

tablished agricultural enterprises.
REAP-Canada research trials have

demonstrated that switchgrass will yield
about 10 tonnes/hectare on both sandy
and clay soil types in Prescott and
Russell County. Total potential switch-
grass production in the county is esti-
mated at 127,000 tonnes, more than
enough to supply a modern 100,000
tonne/year processing plant.

The potential for switchgrass biofuel
pellet production therefore looks prom-
ising in Eastern Ontario. Early commer-
cialization will depend on market fac-
tors and energy prices, as well as the will-
ingness of farmers to take risks and in-
novate.

This study was supported by the
Ontario Agricultural Council. It can be
found on the REAP website (www.reap-
canada.com).

References
R. Jannasch, R. Samson, A. de Maio

and T. Helwig. Switchgrass Fuel Pellet
Production In Eastern Ontario: A Mar-
ket Study. December 2001.

“New pellet stoves and furnaces are being developed
by several Canadian manufacturers to burn grass pel-
lets and other agrifuels. The Delpoint pellet stove has
been tested to burn switchgrass pellets at 83% effi-
ciency by the Canadian federal laboratory testing com-
bustion appliances”.

Baled switchgrass and pellets.
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The recent ratification of the Kyoto Pro-
tocol has created an increasing need to de-
velop renewable energy sources in Canada.
This report was developed to provide an
overview of available crop residues and
livestock manure in eastern Canada and as-
sess their potential for use as a biofuel.  The
inventories in this report are linked to an
assessment of energy conversion systems
that are either in the commercial stage or in
the pilot stage.

Crop Residues
Cereal straws and corn stover were iden-

tified as feedstocks with high potential for
bioenergy production in eastern Canada.
The gross energetic potential of both cereal
straw and corn stover is about 92 million
GJ/year. With a combustion efficiency of
50% assumed, 46 million GJ of heat energy
could be produced with a gross energetic
value of 22.2 million GJ. If straw heating
was used to replace oil-based heating sys-
tems, 4.0 million tonnes of CO

2
 emissions

could be displaced each year!

Livestock Manure
Releasing a significant quantity of meth-

ane (one of the most damaging GHGs),
Canada’s livestock industry will surely feel
the effects of Kyoto. An opportunity for the
livestock industry to meet its Kyoto require-
ments can be met through the generation of
energy in the form of biofuel. Given that

the gross energetic production from anaero-
bic digestion of livestock waste was esti-
mated as 16 million GJ/year, 1.2 million
tonnes of CO

2
 emissions could be displaced

each year by replacing heating oil by har-
nessing the methane biofuel generated by
livestock waste.

On a farm-by-farm basis, the bigger the
operation the smaller the costs of establish-
ing and operating a biogas treatment system;
therefore economically the greatest potential
to produce electricity from biogas is large
swine and poultry farms. Biogas production
from livestock waste could become more
cost-effective with centralized treatment fa-
cilities that include organic wastes from
slaughterhouses and the food industry.

Conversion Technologies
Bioenergy conversion systems with the

most potential are combustion, cellulosic
ethanol production and anaerobic digestion
of livestock manure. Pelleting of crop resi-
dues for combustion also represents a sig-
nificant opportunity for low cost and envi-
ronmentally friendly energy.

A biogas system based on the anaerobic
digestion of livestock waste is becoming
more economical due to the increasing size
of farms in Eastern Canada; however as of
yet the investment costs still remain very
high on a per farm basis and no pilot projects
have been conducted in this area.

Widespread utilization of biogas on small

to medium-sized farms would probably de-
pend on heat-related applications rather than
electricity generation.

The viability of bioenergy from agricul-
tural residues depends mostly on linking
environmental benefits with energy produc-
tion. For example, anaerobic digestion of
livestock waste could become a necessity,
given rising human health concerns over
water contamination. This mounting health
concern could soon lead to regulations gov-
erning the treatment of such waste, hence,
making energy production from it more eco-
nomical (by offsetting the cost of treatment).

Currently the environmental benefit of
bioenergy production from agricultural
wastes outweighs the benefits of energy re-
covery. However, it is clear that consider-
able potential for bioenergy production from
these wastes exists in eastern Canada, but
that extensive work remains in matching
appropriately scaled conversion technolo-
gies with existing feedstock supplies before
its full potential can be realized.

The full report is available on the REAP
website at www.reap-canada.com

Reference
Helwig, T., R. Jannasch, R. Samson, A.

De Maio, D. Caumartin. Agricultural Bio-
mass Residue Inventories and Conversion
Systems for Energy Production in Eastern
Canada. July 1, 2002.

Agri-Biomass Residue for Energy
Production in Eastern Canada

REAP-Canada is
proud to have par-
ticipated in the writ-
ing and compilation
of the second edition
of the Introduction to
Certified Organic
Farming! This edi-
tion explains the ba-
sic elements of cer-
tified organic farm-
ing and the organic
food system in
Canada. It is geared towards a broad audi-
ence of novice organic farmers, conven-
tional farmers considering converting to or-

ganic, processors and
marketers, as well as
policy makers, produce
managers and/or check-
out clerks who want to
learn more about the
products they handle.  It
describes how organic
systems manage soil fer-
tility, weed and pest in-
festations, as well as live-
stock production.  It also
examines international

organic experiences, and provides an over-
view of the organic market, plus the pro-
cessing and retailing of organic foods. In

addition, the motivation, farming practices
and experiences of an extremely rich and
diverse cross section of organic farmers are
described in farm profiles from each prov-
ince.
This edition was produced by the Canadian
Farm Business Management Council
(CFBMC) through funding from the Canada
Adaptation and Rural Development Fund
of Agriculture and Agri-Food Canada
(AAFC). Copies are of this book are avail-
able through CFBMC for $35 + tax. A video
entitled Introduction to Certified Organic
Farming 2nd Edition can be used in conjunc-
tion with this book and is available from the
CFBMC.

REAP-Canada and CFBMC Release Introduction to Certified Organic Farming 2nd Ed.
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as a clean burning and low cost cooking fuel alternative. For $7
US per cooker, impoverished families are gaining access to this
new stove to reduce their household cooking expenses and to
improve indoor air quality. Over the past year, 3,000 rice hull
stoves have been distributed in the Philippines by REAP-Canada
and their local partners. We are now stepping up our efforts to
introduce this simple technology both nationally and interna-
tionally. There is a pressing need to improve the extreme condi-
tions faced by the millions of rural poor in the world.

Household cooking is one of the most important energy is-
sues in rural areas today and has a major impact on human health
and the landscape ecology of developing nations. The vast ma-
jority of rural households in developing countries still rely on
traditional biofuels for cooking, including firewood, charcoal
and crop residues such as cereal straws, corn cobs, and coconut
husks and shells. In countries like the Philippines, biofuels are
often combusted in simple clay stoves or in crude stoves of steel
bars over bricks. Chimneys are poorly designed and often ab-
sent. The incomplete combustion of biomass in the home can
produce pollution levels exceeding that of the most polluted in-
dustrial cities. Inhalation of these products can lead to serious
respiratory problems, directly impacting women and children.
Fossil fuels, like LPG and kerosene are also used in the home,
however, they are increasingly unaffordable for impoverished
families. As the population grows and more land in tropical for-
ests is converted into agricultural use, rural Filipinos are begin-
ning to rely more heavily on agricultural residues for fuel. For
these reasons, the development of a convenient, low cost cook-
ing system using crop residues produced in a sustainable man-
ner is of great consequence to many developing nations includ-
ing the Philippines.

One of the most commonly available, low cost and easily ac-
cessible residues in the world is rice hulls.
In the Philippines, there are more than 1.5
million tonnes of available rice hull that
could provide sufficient fuel for 1 million
households. Commonly, rice hull is dis-
carded in waste areas and burned in smol-
dering fires that can create local air pollu-
tion problems and contribute greenhouse
gas emissions to the biosphere. Using rice
hull locally in simple household cookers is
an ideal way to utilize this widely dispersed
resource that is low in energy on a weight
basis. Rice hull also has the natural advan-
tage of being of a uniform and small size,
which aids in the development of an effi-
cient stove combustion system, in compari-
son to bulky wood or non-uniform crop
residues.

REAP-Canada and the University of the
Philippines at Los Banos recently com-
pleted a bioenergy assessment of the Phil-
ippines that identified the opportunity to
develop a low cost household stove to uti-
lize the rice hull resource. An economic

THE MAYON TURBO STOVE: Fueling the Fight Against Poverty

Conventional cooking over crudely designed low efficiency wood stoves is smoky and con-
sumes a lot of wood.  Households need to provide 60-120 days of labour per year to gather
two tonnes of firewood for these primitive cooking methods.

Local Villagers with Mayon Turbo Rice Hull Stove on Negros Island,
Philippines
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analysis indicated that an improved rice hull
stove could provide the lowest annual cook-
ing cost amongst all purchased fuel systems
available in the Philippines. In 2001, REAP-
Canada received support for the project
from the Canadian International Develop-
ment Agency (CIDA) to introduce an im-
proved rice hull stove into households in the
Philippines as a means to reduce both pov-
erty and greenhouse gases.

A stove users study of 100 households in
January 2002 in the upland areas of Negros
Occidental found an improved rice hull
stove (the LT-2000 –an enhanced version
of the Lo Trau stove and forerunner to the
MTS) dramatically reduced household
cooking costs for impoverished families.
The households in the survey had an aver-
age annual income of $756 USD and a per
capita income of $126 USD. The stove was
found to largely displace gathered and pur-
chased fuelwood, as well as some charcoal
and LPG use. On average, the introduction
of a  (US)$7 rice hull stove reduced the an-
nual fuel expenditures for cooking (fuel and
firestarter costs) from $35.58 to $13.17 (De
Maio et al., 2002). The annualized cost of
owning the rice hull stove was estimated to
be only $2.92. Additionally, the stove re-
duces the laborious task for women of
fuelwood gathering, which typically re-
quires 60-120 days per year of work in up-
land communities in Negros Occidental.
The economic savings increased when the
analysis projected the costs of stove users
who were entirely purchasing their fuel sup-
plies. Rice hull stove users were estimated
to have annual cooking costs of only $4.87
US per year compared to $61.98, $67.54 and
$77.32 for cooking with purchased fire-
wood, charcoal, and LPG respectively. The
projected savings from 100% displacement
of rice hulls for other purchased fuels rep-
resented 7.6–9.6% of the total annual fam-
ily income. For impoverished families suf-
fering from malnutrition, these are critical
household savings to improve family in-
come and wellbeing.  The rice hull stove
user survey found on average the LT-2000
stove had a 76% displacement of conven-
tional fuel use in households. The average
per household impact was to reduce the
quantity of firewood, charcoal and LPG
used by 1734 kg, 54 kg and 7.2 kg respec-
tively per year. It was projected that a more

To develop the stove, all major rice hull stove designs available in the Philip-
pines were analyzed including versions from the International Rice Research
Institute (IRRI), PhilRice, the Central Philippine University (CPU) and compared
to the Lo-Trau model developed in Vietnam. All stoves were functional but suf-
fered from one or more deficiencies including incomplete combustion, exces-
sive air, uncontrollable fuelbed fires, high rice hull consumption, constant need
for tending and high production costs.

Through an intensive research and development program several innovations
were made. The inner cone was lengthened by approximately one third to in-
crease residence time of gases and concentrate the flame under the pot.  To
prevent smoke events (as the porous rice hull turns to ash it restricts the air
supply), twin “air injector” pipes were installed through the ash pan to draw air into
the combustion zone above the burning fuelbed. The twin pipes increased the
turbulence inside the inner cone, creating a vortex and slowing airflow out of the
stove. Secondary combustion air holes were also drilled into the inner cone to
add additional air to more completely combust the gases as they circulated in the
top of the cone. The innovations of extending the inner cone and the strategic
reengineering of the air supply to create an adequate (but not excess) air supply
with effective air mixing provided the breakthrough in clean combustion for such
an unsophisticated appliance. After a 3-5 minutes start-up period, a blue or non-
luminous flame is now present throughout the inner cone of the MTS. Mainte-
nance of the stove is also reduced, with tapping required only after 10-12 minutes
from start-up to introduce additional fuel. The stove is now thought to possess a
near perfect air flow; there appears to be no excess air and no oxygen deficient
areas of the cone or oxygen deficient periods during the entire burn cycle. Follow-
ing start-up, smoke only begins to appear again when additional fuel is required
to maintain combustion. There are no smoke events related to lack of air when
adequate fuel is present. The ash is now a whitish-grey colour, indicating more
complete biofuel combustion. Finally, to minimize fuelbin fires and eliminate smol-
dering of rice hull in the hopper, a heat shield was added around the centerpiece.
This was formerly a major problem with all rice hull stove designs when the cen-
terpiece would heat up and ignite the hull supply.

The next steps in the program are to undertake tests at several testing facili-
ties. A smaller model of stove the MTS 6000 (having a 6 inch diameter fuelbed)
has also been developed. The original MTS-7000 model (having a 7-inch diam-
eter fuelbed) appears best suited to larger households or small commercial
applications. There has been favorable feedback from the communities using
the new MTS models with some reporting 100% substitution of conventional
fuels. A new heatshield has also been added to the smaller 6000 model to
prevent any fuelbed fires. The new MTS 6000 stove can allow a family of 6 to
cook with approximately one tonne of rice hull per year. Households are also
experiencing up to 50% reductions
in rice hull fuel requirements, less
maintenance and less smoke. With
a simple level of training, families are
now enjoying a high quality non-lu-
minescent flame cooker that is be-
coming locally known as “the poor
mans gas stove.”

Illustrations and instructions on
how to build and use the Mayon
Turbo Stove can be found at
www.reap-canada.com. For further
information contact: REAP-Canada
P h : ( 0 0 1 ) ( 5 1 4 ) - 3 9 8 - 7 7 4 3 ,
Info@reap-canada.com.

The Evolution of the Mayon Turbo Stove

Continued on page 8
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A newly designed rice hull stove from the Philippines may be a breakthrough in sustainable
household cooking systems that can reduce poverty and improve health in low-income
rural communities around the world.New Partner in the

Philippines: AIDFI

REAP-Canada began a new part-
nership with the Alternative Indig-
enous Development Foundation Inc
(AIDFI) last July. The goal of this
partnership is to assist AIDFI in ex-
panding their sustainable develop-
ment and appropriate technology
programs.
The AID Foundation is a non-profit
and non-government organization,
established in 1992 by committed
development workers with exten-
sive grassroots experiences. Their
programs focus on the literary, eco-
nomic, environmental and gender
issues associated with sustainable
development. Their main office is lo-
cated in Bacolod City, in the prov-
ince of Negros Occidental, but part-
nerships exist with 16 people’s or-
ganizations spread over four cities
within the province. The AID Foun-
dation believes that self-
sustainability and empowerment will
only come if strong ties between
farmer’s organizations are main-
tained.

advanced rice hull stove could increase mar-
ket penetration by increasing user conve-
nience, reducing rice hull consumption and
increasing the conventional fuel substitution
impact of the stove in individual households.

The Mayon Turbo Stove was developed
by REAP-Canada in partnership with local
workshop artisans in the Philippines in De-
cember 2001. It was designed as a low cost
and clean-burning fuel stove to efficiently
burn porous crop residues like rice hulls and
coffee shells. Other available biomass resi-
dues like sawdust, corn cobs, peanuts shells
and coconut shells can also be mixed in with
rice hull as a supplement.

The Mayon Turbo Stove provides an un-
matched combustion quality to any stove
in its class by producing a non-luminescent
flame from a low quality crop residue. It is
simple technology that could be highly rep-
licable because of its ease of construction,
low production cost ($7US), and ability to
significant reduce household cooking ex-

penditures. Considering the widespread
abundance of low cost rice hull, this inex-
pensive household energy device could be
widely used as a poverty reduction strategy
for the rural poor in many of the world’s
rice producing nations.

References
(1) R. Samson et al. Strategies for Enhanc-

THE MAYON TURBO STOVE: Fueling the Fight Against Poverty

ing Biomass Energy Utilization in the Phil-
ippines. October 2001.

(2) De Maio Sukic, A., R. Samson and E.
Guara., 2002. Impact of a rice hull stove on
cooking expenses and greenhouse gases
from rural households in Negros Occiden-
tal, Philippines.

March 2002. REAP-Canada, www.reap-
canada.com.
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A partnership between the
Chinese Administrative Center
for Seabuckthorn Development

(CACSD) and
Resource Efficient Agricultural
Production (R.E.A.P.) – Canada

Deforestation, overgrazing and the expan-
sion of land used for crop production into
ecologically fragile lands in Western China
has contributed to extremely severe soil ero-
sion from wind and water forces over a 2.9
million km2 area (which is over half the land
mass of the region).  The annual erosion
rates in the yellow river watershed reach up
to 300 tonne/ ha/ year with an average of
110 tonne/ha/yr, which makes it the worst
in the world in terms of soil erosion on such
a large scale.

The Ministry of Water Resources is work-
ing on 10 demonstration
watershed areas in Western
China with several Cana-
dian agencies to implement
sustainable land use prac-
tices that reduce the severe
soil degradation, improve
water  management and
reduce poverty in the re-
gion. The conservation
measures being imple-
mented by the Ministry of
Water Resources to help re-
solve the problem include
the reduction of grazing
and widespread planting of
conservation plants such as
sea buckthorn and
caragena, and engineering
measures including terrac-
ing, check dams and water
conservation systems for households.

REAP-Canada is an independent research
and development organization that has been
working to develop sustainable farming
systems since 1986. We aim to develop
agricultural solutions that resolve major
global environmental problems including
climate change and deforestation.  Farmers
are involved in our participatory research
and demonstration programs to ensure that

the techniques and
technologies developed are
readily applicable in real-life
situations, both in Canada,
and internationally. REAP
began its agro-ecoligical
village development
programming in the
Philippines in 1998 with
support from CIDA. This
included promoting
ecological agriculture, bio-
energy, improved energy self-
reliance, restoration of natural
resources, micro-credit programs,
community development and GHG
reduction strategies. Training, mentoring,
demonstrations and crop trials are important
means of enabling farmers to develop
sustainable agricultural systems. REAP is
also involved in appropriate technology

development including efficient cook stoves
that use crop residues instead of coal and
fuelwood, and GHG friendly farm
implements produced and distributed
through farmer groups.

The CACSD is working in partnership
with REAP-Canada to implement the
Agroecological Village development con-
cept in China. A 3 year project has been
funded by the Shell Foundation sustainable

communities program with project imple-
mentation sites in Inner Mongolia and
Gansu province. The aim of the project is
the holistic development two communities
in western China in a manner that over-
comes poverty and environmental degrada-
tion with sustainable agricultural systems

and community building. This
will be achieved through the
introduction of a farmer-to-
farmer education and training
program, increasing local ca-
pacity through the improve-
ment of local communication
and resource networks and the
establishment of farmer field
testing and trial sites demon-
strating appropriate technolo-
gies and seed varieties.

The partnership aims to
improve the communication
and support and technology
sharing between Countries
like China and Canada, as well
as to increase the self reliance
of marginalized Chinese
farmers living in
environmentally sensitive

areas, while at the same time reclaiming
degraded and vulnerable environments.

The Western China Agroecological
Village Development Project is funded by
the Shell Foundation Sustainable
Communities Program and the Chinese
Bureau of Water Resources.

The Western China Agro-ecological Village
Development Project

Reconstructed landscape in Dingxi County, China

Training session with local farmers in Gansu Province, China
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REAP-Canada is becoming increasingly
active internationally, working with several
organizations and communities on rural de-
velopment initiatives including the imple-
mentation of the Agro-ecological Village de-
velopment model.  There are several impor-
tant cornerstone design concepts of the agro-
ecological approach that we
would like to share, along with
the experiences and lessons
learned from REAP’s efforts
over the past 5 years.

In 1998, REAP-Canada initi-
ated its development program-
ming activities on Negros Island
in the Philippines with Paghida
et sa-Kauswagan Development
Group (PDG) and the
MAPISAN Farmers Alliance in
Southern Negros, along with
national support from the
MASIPAG Farmer–Scientist
Partnership network and the
University of the Philippines at
Los Banos.  The principal fund-
ing source for the programming
was a CIDA ESDP-Partnership
Branch project entitled “The
Southern Negros Sustainable
Agriculture Development Project, which
began in July, 1998 and ended in Septem-
ber, 2002.   The goal of the programming in
the Philippines was to reduce rural poverty
and rehabilitate the natural environment by
empowering small farmers to organize
themselves through the development of eco-
logical farming systems. One approach of
the agro-ecological village programming
that evolved to meet these goals was the de-
velopment of training, education and field-
testing infrastructure customized to address
the social and ecological needs of rural
farmers at the village level. In July 2002,
several thousand farmers members of the
MAPISAN Farmers Alliance, formed the
Negros Center for Ecological Farming
(NCEF), a farmer-led and scientist sup-
ported organization, as a means for farmers
to play a greater role in the development of
sustainable farming systems in the region.
REAP has subsequently realigned its devel-

oping programming partnerships in the Phil-
ippines to respect the new farmer-led sus-
tainable agriculture movement that is occur-
ring. In July 2002, REAP also began a new
partnership with the Alternative Indigenous
Development (AID) Foundation in Bacolod,
Negros Occidental. The AID Foundation

works in partnership with the NCEF, and is
a leading agency in the Philippines in de-
veloping appropriate technologies for meet-
ing the basic needs of communities for food,
water and energy.

In 2002, REAP-Canada established a
partnership with the Chinese Administrative
Center for SeaBuckthorn Development
(CACSD), a division of the Ministry of
Water Resources, to pilot the agro-ecologi-
cal village development model in the dry-
land areas of North Central China. The lo-
cal project partners are the Bureau of Water
Resources in Inner Mongolia and the Bu-
reau of Water Resources in Gansu Province.
The primary funding source for the 3 year
project entitled “The Western China Agro-
ecological Development Project” is the
Shell Foundation Sustainable Communities
Programme.  The project aims to improve
the economic and social well being of
marginalized farming communities and

women, while at the same time protecting
and enhancing the natural resource base
through the use of participatory develop-
ment methods and the agro-ecological vil-
lage development model.  This project will
also include the development of training net-
works, farmer education and field-testing in-

frastructure customized to
address the social and eco-
logical needs of the local ru-
ral farmers.

I. CONTEXT
New strategies and efforts

are required to create effec-
tive sustainable rural devel-
opment approaches that re-
spond to the many chal-
lenges facing impoverished
small farmers in developing
nations with lasting effects.
A holistic and integrated ap-
proach must be used to ad-
dress the interrelated chal-
lenges facing impoverished
households including inad-
equacies in food, health, nu-
trition and education, low in-
come and issues related to

living in an environment with degrading
natural resources. To reverse this cycle of
impoverishment, it is of paramount impor-
tance that sustainable methods of develop-
ment are introduced. Individuals, organiza-
tions and support agencies must be suffi-
ciently aware of local conditions (Table 1)
and effectively organized to work together
to create self reliant, resilient and empow-
ered communities.

Ecological restoration needs to occur as
many rural areas in developing countries are
becoming severely degraded. Farmers re-
quire basic training on the principles of ecol-
ogy and sustainable farming. Ecological
farming systems need to be further devel-
oped and seeds for these systems locally
adapted and further improved. Appropriate
technologies need to be introduced which
can further enhance the ecological infra-
structure and self-reliance of communities.

The Agro-ecological Village Development Model:
Experiences in the Philippines and China

By Roger Samson and Claudia Ho Lem

Continued on page 10

The agroecological village development model is helping empower peas-
ants in China and the Philippines to take a lead role in their own develop-
ment process.
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The social and ecological infrastructures of
communities also need to be developed in a
synergistic way that creates a positive feed-
back for continued development and rees-
tablishes the communication and informa-
tion exchange networks.

It was to sustainably develop the social
and ecological infrastructure to create em-
powered and self-reliant communities that
5 years ago REAP-Canada began working
with international organizations and com-
munities to develop the agro-ecological vil-
lage (AEV) development model.

II. Agro-ecological Village (AEV)
Development Programming Activities
An agro-ecological village is described as

a community that is largely self reliant
through the creation of integrated and eco-

logical food production and energy systems.
Central to this approach is the conviction
that ecological land management and sound
community organizing forms the basis for
sustainable community development.

The adoption of this approach will im-
prove a communities understanding of agro-
ecological processes. Over time, this will:
• Increase the capacity of local commu-
nities to manage their resource base in a sus-
tainable manner
• Provide farming families with food secu-
rity, improved health and increased income
with a reduced dependence on outside as-
sistance
• Enable more active participation of women
in decision making on farms and in com-
munities
• Reduce soil erosion and ensure the long-

term capacity of the land for food produc-
tion
• Improve surface and ground water quality
and quantity
• Minimize the use of synthetic pesticides
and reduce health risks to food producers
and consumers
• Help protect and restore biodiversity
• Decrease greenhouse gas emissions
through reduced fossil fuel use and mini-
mized crop residue burning

The general characteristics of an agro-
ecological village in the Philippines are out-
lined and compared to conventional ap-
proaches in Table 2. (Note: A similar chart
is available for the dryland areas of China)

Some of the main AEV project activities
that have been undertaken (or are planned)

in the Philippines and
China include:

1. Baseline data
gathering and sur-
veys/case studies:
This information pro-
vides the background
for measuring
progress in a commu-
nity and provides an
initial assessment of
the local situation.
Data is gathered from
approximately 30
households per com-
munity and includes
information related to
income sources, food
systems, farm produc-
tion, schooling, hous-
ing, family health and
gender issues.

Indicators that mea-
sure progress in com-
munities are key com-
ponents assessed dur-
ing the baseline date
gathering. They can be
developed with the
community through a
Participatory Rural
Appraisal (PRA) pro-
cess. Ideally a partici-
patory monitoring and
evaluation system can

The Agro-ecological Village Development Model:Experiences in the Philippines and China

Table 1. Examples of problem factors contributing to the impoverishment
of farmers and the environment in which they live

Philippines-Negros Occidental North Central China

FACTORS CONTRIBUTING TO POVERTY OF FARMERS

• Struggles to gain land through the agrarian • Loss of livelihood from new grazing restrictions
land reform program on sloping areas

• Serious risk of crop loss from drought • Quantity and quality of water for households
• Government corruption and farm operations
• Lack of affordable government services for • Lack of training and capital to develop farms

education and health care • Small production area in a harsh climate
• Lack of capital and training to develop their farms • Poor farm to market roads.
• Harassment by powerful landlords • Lack of off farm income opportunities
• Growing population and large families • Regional and global environmental degradation
• Typhoons and droughts
• Natural resource degradation
• Lack of clean drinking water and food
• Spending on alcohol, gambling, and fiestas
• Lack of off farm income opportunities
• Non existent to poor farm to market roads,

overloaded road network

ENVIRONMENTAL DEGRADATION

Loss of forest cover and biodiversity- 95% of the island Severe erosion (levels of 200 tonne/ha/yr) from grazing of
of Negros has lost its primary forest denuded sloping upland areas and intensive cropping of an

nual crops on the highly erodable loess soils
Monoculture production systems: approximately 50% Loss of soil organic matter as all crop residues are completely
of agricultural land area is used to produce sugar cane removed from the fields (roots included) for cooking, house

hold heating and livestock feeding
Woodfuel gathering and charcoal production are used Complete absence of tree cover from wood gathering and
for household energy at unsustainable levels overgrazing
Crop residue burning: approximately 90% of the rice Vulnerability of the environment to desertification and global
lands and 2/3rds of the sugar cane lands are burnt warming
each year Loss of water from aquifers and groundwater reserves due to

excessive drought and water harvesting
Erosion: Large amounts of sloping land are under Overuse of chemical fertilizers and pesticides
unsustainable annual cropping systems. Excessive and increasing of salinization of soil and water
Overuse of chemical fertilizers and pesticides
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Table 2. An agro-ecological approach to rural development in the Philippines

Activity Agro-ecological system Conventional approach

Approach • Emphasizes self-reliance and empowerment through optimal use • Emphasizes development of export markets to pay for
of on-farm resources imported goods

• Orientates market development towards local markets and import • Communities are vulnerable to external forces
displacement and loan-dependent

• Minimizes human impact on local environment and biosphere • Degrades local natural resources and biosphere
• Low cost participatory development approaches such as farmer to • Top down training and development approaches

farmer training emphasized. Focus on long term project
sustainability and lasting effects.

Food Food security and improved nutrition achieved through diversified Much food imported, including rice, canned and dried fish,
ecological farming of rice, corn, root crops (sweet potato, cassava processed foods, livestock feeds, farm land dedicated
and taro) grain legumes (peanuts, and mungbeans), seasonal fruits to sugar cane
(bananas, papaya) and vegetables (sweet potato leaves, water
spinach,eggplant, squash), eggs and fish.

Soil tillage Carabaos (water buffalo) used, tillage reduced through use of Tractors and fossil fuels, heavy reliance on annual crops
perennial crops and ratooning of rice and sugar cane

Seeds Community seed banking of open pollinated seeds, new seeds No local adaptation trials, plant improvement or seed
assessed in trial farms, farmer driven participatory plant improvement saving. Imported hybrid seeds dominate plantings

Soil Fertility Maintained through minimizing soil erosion, decomposition of crop Urea, phosphorus and potassium fertilizer
residues, introduction of N fixing sugar cane and rice cultivars, crop
rotation, nitrogen fixing legumes, azolla, mudpress (byproduct of
sugar cane milling), carabao dung, rice hull ash.

Insect and Biological control strategies, resistant cultivars, balancing soil Insecticides and fungicides
disease control fertility with the crop, planting rice in an east-west orientation

and wider row spacing,

Weed control Mechanical weeding devices, crop rotation, balanced soil fertility Herbicides and tillage
management, crop residue mulching

Irrigation Use of ram, treadle and bush pumps for irrigation Gasoline and diesel powered irrigation pumps

Household Use of rice hull cookers, efficient wood stoves, biogas, all fuels LPG fuel stove, open fire cooking, kerosene as fire starter
cooking farm-derived

Marketing Emphasis of internal self-reliance and import displacement Monoculture production, products sold to distant markets
with value-added processing

Finances Indebtedness minimized because food security is achieved, Heavy debt load at usury rates for high input requirements
low input use from ecological farming of monoculture cropping of sugar cane
Several cash crops are sold through various periods in the year

Training Participatory Approaches emphasizing Farmer to Farmer Limited training of farmers using top down government
training on ecological farming systems trainers teaching high input farming methods.

The Agro-ecological Village Development Model:Experiences in the Philippines and China
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be established where communities
identify and track key indicators
for measuring community
progress.

2. Institutional Building Pro-
cess: A number of approaches can
be taken to enhance community
awareness and organization.

Sensitization: Communities can
become more aware and under-
standing of their local situation
through a process of sensitization
and exposure by community orga-
nizers. This process enables com-
munity members to share their his-
toric situation and present-day
concerns. They then can begin the
process of identifying barriers for
their development and ways to
overcome them. Beneficiaries can
also be made more aware of out-
side factors that may affect them
such as international trading prac-
tices and climate change.

Participatory Rural Appraisal
(PRA): To begin a more system-
atic understanding of the develop-
ment needs of communities, a pro-
cess of community self-examina-
tion can be undertaken by people
with experience in group facilita-
tion. PRA facilitators can use tools such as
resource mapping, seasonal calendars, Venn
diagrams, transect walks and mobility maps
to deepen the beneficiaries understanding
of their villages and individual farm situa-
tion. The PRA also furthers the process of
building trust and understanding and im-
proves communication between project staff
and beneficiaries.

Community Organizers:  Local people
with effective interpersonal skills need to
groundwork the project with beneficiaries.
This may involve the investment of signifi-
cant energy in the community and working
with key community leaders who can col-
lectively break apathetic attitudes that may
exist.  The organizers can work with ben-
eficiaries to identify the various tasks to be
managed by the community and work to
gradually increase responsibilities of ben-
eficiaries as they gain confidence, experi-

ence and capacity in managing their own
affairs.

3. Farmer to Farmer Training: Locally
adapted ecological farming training mod-
ules need to be developed. An introductory
course can cover subjects such as principles
of ecology, soil fertility, soil and water con-
servation, cropping systems (crop rotations,
multiple cropping, intercropping etc), for-
age management, weed management, pest
and disease management.  More advanced
courses on crop and livestock production
and other subjects can follow based on feed-
back from the PRA and following assess-
ments of the introductory training programs.
The courses are delivered using participa-
tory methods and using farmer trainers
through a peer education approach. Typi-
cally, several first liners (experienced farmer
trainers)  can  be used for faciliating the
training along with support from a second

liner (farmer trainer in training). In
this way, an ongoing process of
trainer development and
mentorship is encouraged.

4. Farm Planning: Following
the introductory training in eco-
logical farming the farmers go
through a basic farm planning pro-
cess. It provides them an opportu-
nity to better assess their goals and
objectives and to do a more sys-
tematic planning to achieve their
targets. During this exercise, farm-
ers have peer support from other
farmers in the community and the
farmer trainers. The goal is not to
make a complex fixed farm plan,
but for farmers to begin the pro-
cess of planning to better utilize
and organize their on- farm re-
sources and management skills.
The basic overall plan can evolve
through experience and be ad-
justed to local climatic and mar-
ket conditions.

5. Farm Development:
Crop improvement programs:

An important strategy for creating
self reliant communities and ad-
vancing ecological farming is to
introduce plant material improve-
ment programs with local farmers

groups. A common approach  is to use
farmer-run adaptability trials to test a large
number of plant materials for their suitabil-
ity to the local environemnt and growing
conditions in different areas. Farmers can
then share the results of these trials through
their farmer to farmer training network and
can also provide on the job coaching with
mentoring of farmers to follow up on train-
ing activities. Farmer-led plant breeding pro-
grams have evolved in the Philippines with
rice and corn. REAP has been successful in
Negros in working with farmers organiza-
tions to identify cultivars of nitrogen fixing
sugar cane and helping support development
of ratooning rice varieties managed under
SRI (System of Rice Intensification) that are
more nitrogen use efficient. These eco-tech-
nologies can have significant long term im-
pacts on reducing farm expenses and in-
creasing productivity levels while enhanc-

The Agro-ecological Village Development Model:Experiences in the Philippines and China

Continued on page 18

Filipino women working in the sugarcane fields in Negros Occi-
dental.
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Villagers from Dingxi Community, Gansu Province, China

ing soil fertility and mitigating
greenhouse gases.

Appropriate technology equip-
ment: Through the PRA process,
communities can largely identify
their most urgent and basic techno-
logical needs. They can also be
slowly exposed to new technologies
from outside the region. An assess-
ment can be made of various options
that are available to meet their needs
and to gradually work with commu-
nities to assess the more promising
options and further improve them.
Facilities can also be constructed en-
abling communities to control their
own production of new or local technolo-
gies. In Negros, REAP tested solar cook-
ers, biogas systems, improved wood stoves,
hay boxes (heat retaining devices) and rice
hull cookers to help resolve the fuelwood
crisis. Based on feedback from communi-
ties, rice hull stoves were chosen for fur-
ther development. REAP subsequently pro-
duced the Mayon Turbo stove, a low cost,
advanced combustion rice hull stove. Ap-
proximately 5000 rice hull stoves have now
been introduced at a cost of $11 CDN/
each in the Western Visayas region of
the Philippines.

Microcredit Programs: Farmers in
both the Philippines and China lack ac-
cess to credit. However credit should be
of the last things introduced during the
project timeline and the least emphasized
componet of a development orientation
towards greater self reliance. After a
community is sufficiently organized,
credit programs can be provided to mem-
bers based on their farm plans. Empha-
sis can be made on providing loans for
tangible assests such as basic farm tools
and animals for draft power. These loans
are less risky than loans for inputs such
as seed or fertilizer which are quickly
utilized. In some instances, it may be
necessary to provide loans for farm work
during non-harvest periods if food secu-
rity problems impair the ability of com-
munity members to develop their farms
because of malnourishment.

III.  Challenges and Lessons
Learned:

Philippines: Overall, the implement-

ing agencies and farmer beneficiaries and
organizations have appreciated the devel-
opmental impact of the AEV programming.
Aside from the loss of one key staff in the
Philippines (who left the project because his
family was facing harassment problems in
his home area), the project was implemented
relatively smoothly and no major barriers
were experienced. One obstacle encoun-
tered in the Philippines was the slow loan
repayment when the impoverished farmers

had minimal income during the
leans months of non-harvest or
when poor weather conditions oc-
curred.

The choice of community and
staffing appeared to play key roles
in the successful implementation of
the project, along with the initial
selection of the local project part-
ner. It has been observed that it is
essential for staff to create strong
relationships with the community,
gain their trust and understand their
needs. The AEV project was par-
ticularly successful in the Mabuhi-
pa community in the Philippines.
Some of the reasons for this appear

to be:
• Mabuhi-pa organization had sufficient

background organizing to begin the
project implementation

• A strong local community organizer lived
in the community

• Strong support from the local NGO part-
ner who had several staff with significant
experience in community organizing and
a similar developmental orientation

• A highly experienced farmer trainer (who
has a model farm) that worked with the
community and lived adjacent to it
• Strong project coordination from sev-
eral staff with gregarious and enthusias-
tic personalities, good facilitation skills,
and positive and focused energy for em-
powering and team building in the com-
munities.
• The project was implemented in an area
of Southern Negros where significant ca-
pacity already existed amongst local
farmers and organizations in sustainable
agriculture systems and farmer-to-farmer
training.

China: In China the AEV model is at
an early stage of implementation. Our
main concern in the first year has been to
strengthen capacity of local partners and
farmers in participatory development pro-
cesses and to develop appropriate train-
ing modules. However there is limited ex-
perience in working with farmers groups
in farmer-to-farmer training networks and
participatory methods. Some of the farm-
ers groups are also somewhat passive re-
cipients of development assistance as the

The Agro-ecological Village Development Model:Experiences in the Philippines and China

Introducing appropriate technology tools like rice
weeders can help enable peasants to convert to eco-
logical farming practices.
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government has been providing them with
relatively strong support services and they
have been following the government’s lead.
Most farmers have received limited educa-
tion and training but are eagerly seeking out
new information. Both the government staff
and farmers recognize farmer-to-farmer
training as an efficient means for informa-
tion to reach larger numbers of farmers.
They also recognize the increasing role of
farmer leaders in community development.
Our experience to date in working with the
Chinese government staff is that it is rela-
tively easy to get things done when the gov-
ernment decides it wants to do something.
There appears to be a great sense of pride
and accomplishment in making a success-
ful project that can contribute to positive
change in the region and subsequently for
China.  The local partners have been dili-
gently working to implement soil and wa-
ter conservation measures in the highly
eroded dryland environment of north cen-
tral China and the results achieved to date
are impressive with large areas now under
field contouring. The sloping lands are be-
ing revegetated with nitrogen fixing shrubs
and naturally regenerating grasses.  Tech-
nological interventions that have been suc-
cessfully introduced include soil contour-
ing, passively heated greenhouses (with
night covers), biogas systems, solar cook-
ers, and underground water cisterns. The
main challenge of the project is to integrate
this technical experience into a larger de-
velopmental framework.  A new level of ef-
fort needs to be made in China to develop
staff with expertise, experience and inter-
est in working with communities to develop
their farming systems ecologically and to
develop the social infrastructure of the com-
munities through community organizing.

IV Conclusions:
Overall the AEV approach is a logical

evolution for rural development program-
ming that provides a more holistic and com-
prehensive approach for nurturing sustain-
able community development. Communi-
ties (rather than land areas), need to be used
as the basis for sustainable rural develop-
ment. Communities need to be ground
worked before project implementation can
begin. Village groups can be highly engaged
in participatory processes through the PRA,
farmer to farmer training and advisory net-

works for plant improvement. Through a
step by step process, communities can be
empowered to take ownership of their own
development. Technological innovations
can be introduced through both ecological
farming systems development and innova-
tions in appropriate technology. Develop-
ment workers need to facilitate the strength-

The agroecological village development approach facilitates the development of diversifed
and self reliant farms that enable impoverished households to improve their quality of life
and the environment in which they live.

REAP-Canada Western China Agroecological Village Development Officer Claudia Ho Lem
(left) conducting survey of villagers in China.

ening of both the social & ecological infra-
structure needs of communities. A positive
feedback cycle can be created for social and
ecological infrastructure development that
can create genuine sustainable community
development and the full empowerment of
farmers and their support organizations.
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The ‘Green Revolution’ of the 1970’s was
led by the development of new plant genetic
materials that responded favourably to in-
tensive growing conditions with high lev-
els of pesticide and fertilizers inputs. In the
short term it led to dramatic increases in
productivity. More recently, yield increases
have been less than remarkable and the
many problems with the green revolution
approaches have been well recog-
nized. In the case of rice farmers in
the Philippines, soil fertility de-
clined, agricultural and ecosystem
biodiversity was decimated, and
many small farmers suffered from
serious indebtedness and health
problems from using large quanti-
ties of chemical inputs.

New efforts are now underway by
REAP-Canada and partner agencies
in the Philippines to increase rice
productivity by intensifying produc-
tion using an agro-ecological ap-
proach. The approach aims to rede-
sign the system of cultivation using
perennial grasses like sugarcane as
the model “grass” crop for rice de-
velopment. With rice being the most
important food crop in the world,
increasing rice yield through the in-
troduction of “ECO-RICE” cultiva-
tion systems could be just what is
required to create substantial gains
in food security, as well as improve
health and reduce the indebtedness
of small farmers in the Philippines
and around the world. The ECO-
RICE cultivation approach aims to
utilize water and solar radiation
more efficiently, as well as develop
and strengthen biological processes
important for soil fertility mainte-
nance and plant productivity.

The inspiration for this work came
from our success developing ecological sug-
arcane farming systems with small farmers
in the upland areas of Southern Negros in
the Philippines. There were several compo-
nents integrated together to make the eco-
logical farming of sugarcane a reality. Un-
derstanding the success of ecological sug-
arcane lays the groundwork for understand-
ing how and why “ECORICE” can become

a reality. In the case of the ecological sug-
arcane farming, several important cultural
changes were made to make the new agro-
ecological sugarcane system productive and
sustainable, such as:
1. Eliminating crop residue burning: De-

composing crop residues in the field
helps maintain and enhance soil organic
matter levels and conserves the soil

moisture available for plant growth. It
also helps improve nutrient cycling pro-
cesses and leads to large amounts of ni-
trogen being fixed during the crop resi-
due decomposition process (up to 150
kg N/ha).

2. Selecting biological nitrogen fixing
(BNF) varieties through adaptability
trials: 12-20 sugarcane varieties are

planted on an array of local soil types
used for sugarcane cultivation  (fre-
quently marginal and sloping soils) and
grown without added N fertilizer. By
making selections on their own farms
and under low input environmental
conditions, farmers can readily identify
biological nitrogen fixing varieties that
are well adapted to low fertility soil

conditions. Previous research in
Brazil indicated that there is sig-
nificant genetic variability
amongst sugarcane varieties for
having the N fixing bacteria that
live in the stems, leaves, and roots
of the plant. Some varieties are ca-
pable of deriving all their nitrogen
needs from this source1.
3. Improving Ratooning: The
combination of selecting for vari-
eties of sugarcane with large num-
bers of tillers, in addition to the
conservation of trash mulch helps
improve regrowth of the ratoon
crops (a crop regrowing following
a harvest). This reduces the fre-
quency of having to replant the
crop and helps maintain soil or-
ganic matter. Selecting BNF vari-
eties and encouraging BNF during
the decomposition period also en-
ables the ratoon crops to maintain
adequate N nutrition and helps im-
poverished farmers eliminate the
need for N fertilizer.

The benefits of integrating these
cultural changes are that they mu-
tually support each other and cre-
ate positive feedback cycles. For
example, increasing BNF in the
plant will increase productivity,
which subsequently leads to in-
creased trash production. Addi-
tional carbon contributions to the

soil help increase soil organic matter and
encourage soil microbial activity, which in
turn improves soil aggregation and biologi-
cal N Fixation.

In sum, ecological sugarcane has become
successful because farmers have learned
how to use adaptability trials to select for
strong tillering and ratooning varieties with
the Biological N Fixing (BNF) Trait, and

ECO-RICE:  Radically Redesigning Rice
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how to incorporate these new varieties into
agro-ecological farming systems.

Creating ECORICE
Several cultural changes are also being

integrated to bring about ECORICE Devel-
opment. The three main system components
being integrated to develop ECORICE are:
1. System of Rice Intensification (SRI)
2. Lock Lodge Ratooning
3. BNF and/or Nitrogen Use Ef-

ficient Varieties
A brief understanding of these

components is necessary to under-
stand how they can function to-
gether to increase rice productiv-
ity.

System of Rice Intensification:
Optimizing the environment

for the Plant*
Currently there is a great deal

of interest in SRI production sys-
tems because they can produce
considerable increases in produc-
tivity2. However, unlike the green
revolution, SRI is not chemically
intensive but is more management
intensive. The SRI system evolved
in Madagascar in 1983 by a priest,
Fr. Henri de Laulianie, who sought
to create the best possible grow-
ing environment for rice. The main
findings of his work that are criti-
cal to increasing productivity are:
1. Rice is not an aquatic plant:

Although rice can survive
when grown under flooded
conditions, it does not thrive.
Under continuous submer-
gence the rice roots remain
shallow (largely in the top 6
cm of soil) and largely degen-
erate by the seed-producing
phase of growth. For optimal
growth, rice should be kept in
a well-drained soil during its vegeta-
tive growth phase.

2. Transplanting individual seedlings to
the field early (not later than 15 days):
This practice enables the full growth
potential of individual plants and en-
courages a large number of tillers and

bigger individual plants (Convention-
ally transplanted rice is planted in small
groups of seedlings one month after
sowing).

3. Wide spacing of plants will lead to
greater root growth and increase
tillering. SRI rice is planted as single
plants in 25-50 cm rows. This mini-
mizes competition and enables plants
to develop large deep root systems.

Rice ratoooning: closing the yield gap
by continual harvesting sunshine

One of the outstanding advantages of in-
troducing “Green Revolution” seeds and
synthetic nitrogen (N) fertilizer inputs was
the overall shortening of both the period of

rice cropping and the downtime between
cropping cycles. Under conventional rice
management systems in the Philippines, rice
now matures in approximately 90-100 days.
After harvest, the straw is burned and the
field reworked for planting the next crop
during a period of approximately 10 days.
Synthetic fertilizers are applied to drive the
N cycle for the subsequent crop. While these
practices can be considered unsustainable

over the long term, in the short
term they lead to high produc-
tivity.

The ecological production
system used under traditional
rice farming systems is based on
less intensively cropped soil and
later maturing cultivars (typi-
cally of 110-120 days; which
allows more time for soil min-
eralization processes to liberate
N to the growing crop). A 30-
day period for decomposition of
crop residues is recommended
to avoid N immobilization by
the decomposing straw in the
next crop, and to encourage
asymbiotic N fixation processes
in the soil. Overall, the ecologi-
cal rice farmer has a cropping
cycle of approximately 145 days
as compared to 105 days in the
case of the conventional rice
production system. Yields are
similar for conventional and
ecological rice production (af-
ter farmers have gone through
the initial organic transition pro-
cess), however the longer pro-
duction period for the ecologi-
cal rice places it at a disadvan-
tage in terms of overall rice pro-
ductivity during the year. A
promising means to address this
problem and reduce production
costs is the introduction of rice

ratooning. Ratooning is a practice that al-
lows a new crop to emerge from the residual
stubble without having to rework the soil.
Ratooning was a popular practice of rice
farmers in the Philippines prior to the Green
Revolution, and is now regaining popular-

ECO-RICE:  Radically Redesigning Rice
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ity in areas of the United States with short
growing seasons as a means of double crop-
ping. Recent research on the new ratooning
technique of lock lodging (where stems are
broken over at the base) has increased yields
by 95% compared to conventional ratoon-
ing when the crop is mowed and allowed to
regrow3. Under lock-lodging, yields of
promising ratooning varieties are approxi-
mately 75% of conventionally grown crops.
A lock-lodged rice crop has an established
root system and carbohydrate reserves in
residual stems and leaves which are impor-
tant for a rapid regrowth of the crop canopy
to occur4. Lock-lodge ratooning advances
the harvest cycle by about 25-35% com-
pared to a conventionally prepared crop (10
days between crops) or 35-43% when a 30-
day period for straw decomposition is prac-
ticed. In terms of kg grain produced per day,
lock-lodging has demonstrated the poten-
tial to produce equivalent yields as com-
pared to conventionally grown rice3.  Breed-
ing and selection of plant materials for lock-
lodging would probably further improve the
relative performance of lock-lodged rice
above conventionally produced rice. Sig-
nificant advantages to farmers include re-
ductions in input costs of 50-60%5, reduced
indebtedness (as harvest cycles are faster
and input requirements lower), reduced
labour and farm draught animal require-

ments, greater cropping flexibility, and re-
duced risks for crop losses from severe ty-
phoons and droughts.  The major risks of
ratooning are increased pest and disease
pressure6.  Ecological rice varieties may
prove more effective than conventional rice
plant materials as they are heavily screened
for resistance to pests and diseases through
breeding for horizontal resistance7.

Biological Nitrogen Fixation in Rice
One of the most outstanding challenges

of ecological rice production is managing
N fertility.  This task is even more daunting
when rice is managed in a ratooning cycle.
In ecologically grown ratooning sugarcane
crops, N requirements are met by N fixa-
tion in decomposing trash and from plant-
ing BNF fixing varieties. Our initial expe-
rience is that selection of rice for BNF and/
or efficient N using varieties can be best
achieved if the rice is selected under SRI
management and unfertilized conditions.
Under SRI, the system produces larger
plants and volumes of biomass, as well as
aerobic soils conditions that support ben-
eficial bacteria. Having a nitrogen limited
soil environment enables the plants to bet-
ter express their differences in adaptability
to N restricted growing conditions.

ECORICE: Developing the System
in the Field

REAP is collaborating with the Negros
Center for Ecological farming (NCEF) to
develop ECORICE systems on small farms
in the Western Visayas. NCEF farmer/plant
breeder Leopoldo Guilaran is spearheading
the fieldwork with a number of advanced
strains of ECORICE. These strains have
been selected for high tillering capacity, im-
proved N nutrition, productivity, disease and
pest resistance. Farmers are now beginning
to cultivate and developed ECORICE
strains, and are gaining experience in incor-
porating both SRI and lock lodging man-
agement production systems. It is evident
to small farmers that the new ECORICE
system can dramatically reduce their pro-
duction costs, as well as give them more
cropping flexibility. If the season is dry the
ratoon cycle can be shortened to one crop-
ping and the field planted to more drought
tolerant crops such as soybeans or peanuts.
In a good rainfall year, ECORICE farmers
should be able to get three rice crops per
year in about the same time period as a con-
ventional high-input rice farmer. ECORCIE
However, they would do so without the two
cycles of crop residue burning, and the pro-
duction costs for animal draft power, seed,
and production inputs.

The main challenges to the system will
be increased potential for pest and disease
problems in the main rice growing regions.
The best results therefore will likely be in-
troducing ECORICE to diversified farming
regions where rice is not the dominant crop
in the region. The challenge now will be to
see if small farmers will adopt the
ECORICE system. With the many advan-
tages ECORICE seems to offer for increas-
ing productivity while also reducing pov-
erty, it is hoped that it will stimulate further
research and eventually become a main-
stream reality.
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REAP-Canada’s
VISION

REAP provides, research, development, and outreach services to com-
munities to help them meet the challenges of socially just and ecologi-
cally sound production of food, fibre, and fuel.

MISSION
To solicit resources as organizational support, to build partnerships with
communities and individuals to further our vision, and to develop pro-
grams about food, fibre and fuel at the domestic and international lev-
els. We will facilitate participatory research development leading to
action and adoption in communities as well as promote farmer to farmer
exchange of knowledge.


