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The potentials of three renewable biomass types as 'Green Power' alternatives for sugarcane
milling were evaluated: (1) baled sugarcane trash, (2) high-yielding perennial grass (ie,
Napier grass), and (3) fast-growing tree species. The data shows that approximately 5.9% of
energy used for boilers in sugar processing, provided by 365,000 barrels of imported bunker
oil, can be displaced by 246,000 tonnes (at 26% moisture) of cane trash. This trash volume
represents 50% of the 496,000 tonnes recoverable trash (low estimate), that can be harvested
following the final ratoon crop in a 3-year cane planting-harvesting cycle. The cost of
producing Napier grass was projected to be 7% higher than the cost of cane trash harvesting,
mainly due to land lease cost for the crop. A purchase price equal to that of sugarcane trash
(US$ 31.73/ tonne) will likely encourage farmers to plant Napier. The main concern with fast-
growing trees is the relatively longer period farmers would have to wait prior to receiving an
economic return. Also, promoting wood biofuel use can contribute to further deforestation
problems in the Philippines. Sugar refineries have been cited as a major cause of deforestation
in the past. Overall, the economic, environmental and social implications of utilizing cane
trash in the final ratoon crop year as a substitute for bunker oil appears most promising in the
Philippine sugarcane industry. Positive socio-economic impacts include the provision of rural
employment and the minimization of oil imports. It can also develop the expertise necessary to
create a renewable and reliable 'Green Power' supply for year-round power generation.
Investment in the research and development of these technologies is essential to create an
effective biomass utilization system for the future.

Keywords biomass utilization, bunker oil, Green Power, Leucaena, Napier grass, oil
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INTRODUCTION

Sugar processing is an energy-intensive
process. About 30 kWh /tonne milled cane
(including 10 kWh/tonne parasitic load) of
electricity is used, about 50.42 L diesel oil
equivalent (LDOE) per tonne cane (Corpuz &
Aguilar 1992). Most electricity is used by
machinery for heating, including evaporation of
water from cane juice (Pennington et al 1996).

During production, a large amount of by-
product called bagasse is produced (28% of total

cane tonnage). Already, the mills use bagasse as
a major source of fuel. About 87% of the total
energy use for sugarcane milling comes from
bagasse (Corpuz & Aguilar 1992). This makes
the sugarcane industry overall the single largest
user of biomass as source of energy among the
processing industries in the Philippines.

The sugar mills have 3 interrelated
factories, namely that which produces raw
sugar, the refinery, and the distillery. Having
an inadequate supply of bagasse for energy
production, they meet their energy deficits with



bunker oil. The inadequacy of bagasse for
energy can be attributed to the presently low
average thermal efficiency (about 62.5%) of most
mill boilers that use bagasse as fuel. This low
efficiency, in turn, is the result of a number of
factors and they are as follows:
1) These are low-pressure boilers whose design

and construction date back to 40 or 50 years
ago, when the cost of fossil fuel oil-based
energy was low.

2) Boilers operating at low pressure indirectly
discourage the accumulation of bagasse. To
illustrate; in a low-pressure boiler, 9 kg of
bagasse is used to produce 1 kWh of
electricity, while efficient, high-pressure
boilers (80 bar, 570 °C) use only 2 kg of the
same bagasse to produce the same amount
of electricity (Pennington et al 1996).

3) The technology for high-pressure high-
temperature boilers was not available when
most of the existing boilers were constructed
in the country.

4) Environmental concerns about global
warming and climate change were limited at
the time of construction, so high-efficiency
mill boilers that utilized renewable energy,
with low GHG emissions were not fully
appreciated..
While the advantages of high thermal-

efficiency boilers are clear, the adoption of such
systems remains to be realized. Table 1 presents
the difficulties of adopting thermally efficient
bagasse boilers. Using renewable biomass
energy is the 'Green Power' option. Using
biomass as fuel is Green Power because the CO2
released from combustion is recycled through
crop photosynthesis by the standing crop.

The advent of efficient, high-pressure boiler
systems has effectively spurred a number of new
sugar mill-based co-generation projects (Doon &
Thompson 1998). These systems will not only
alter the energy balance in the mill but they can
also provide additional income (Tangon 1995).

The level that the Philippines uses bagasse
as energy source for sugarcane milling is
comparatively lower (83.82%) than that of
Thailand (99.77%) and Molawi (99.57%) and
higher than South Africa (61.86%) (Corpuz &
Aguilar 1992). The Philippine sugar mills still
use considerable amounts of bunker oil.
Approximately, 5.9% of energy used in sugar
processing is provided by 365,000 barrels of
imported bunker oil. Annually at $30 US per
barrel of oil, this represents an annual cash
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outflow of US$ 10.95 M or about $16.79 Mat the
current (August 2004) price of oil.

The sugar industry has the potential to
generate electricity for the Philippines.
Estimates of potential electric power co-
generation are as high as 396 MW nationwide
(1,386 GWh) (Table 2). At least 60-90 MW of
bagasse co-generated power is available as an
energy source (ESMAP 1993). Energy audits of
15 (out of 17) mills belonging to the Philippine
Sugar Millers Association Inc (PSMAI) showed
that they were buying 18 GWh of electricity
every 7-8 months (milling season), which is
equivalent to about 10% of their total power
requirements (EDUFI 1994). The installation of
high-efficiency boilers for electrical co-
generation would directly benefit many sugar
mills (DoE 1996).

Objectives
This study was conducted to assess the

Green Power biomass supply options for
sugarcane milling and to evaluate their
potentials for year-round power co-generation.
Specifically, the three biofuel options that were
evaluated are as follows:
1) Baled sugarcane trash
2) High-yielding perennial grass species, ie,

Napier grass (Pennisetum purpureum)
3) Fast-growing tree species (FGTS)

MATERIALS & METHODS

Baled sugarcane trash
A literature survey was done to find out how

much trash is being retrieved in other countries
(Table 3). The highest amounts are 25 tonnes/ha
(Hawaii 1988), and 23 tonnes/ha (South Africa
1966). The average is 16 tonnes/ha.

In an earlier study (Mendoza & Samson
2000), the trash yield to tonnage ratio can reach
20% for excessively leafy canes, with an average
estimate of 15%. At Hacienda Luisita, Tarlac,
about 12.5 tonnes/ha has been estimated as the
cane trash yield, for 68.8% recovery. In general,
70% of available sugarcane trash can be
collected. The estimates for recoverable
sugarcane trash for the Philippines are as
follows: 1.488 Mt for low, 2.229 Mt for average,
and 2.973 Mt for high estimates.

Perennial Napier grass
Napier grass (Pennisetum purpureum) is a

high-yielding perennial species. In assessing the
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soundness of using Napier grass as renewable
energy source for cane milling, we tried to
analyze its agronomic potentials in terms of
adaptability, ease of planting, care and
management, and yield. Then, we estimated the
cost and return of Napier production used as

growing fuelwood tree species, and (c) provision
of seeds/seedlings.

The budget requirements for nursery
establishment and management to ascertain the
cost per seedling ready for planting were
estimated.

Table 1. Difficulties/options in exploiting power co-generation in the sugar industry

Difficulties

Old age of equipment: 15 out of 17 PSMAI
mills that produced 60% bagasse (3.8 M
tonne) are 40 years old.

Planter-miller cane sharing system

Fixed ratio: 60- 70:30 -40

Poor maintenance of mill
facilities/conservative operating practices of
most mills

Large financial outlay for installing co-
generation facilities:

P 342.9 M for 10.7 MW

P 1,350.8M for 43.0 MW

Fear of the unknown, inadequate knowledge
and large capital outlay needed for power
co-generation predispose millers to take a
wait-and-see attitude

Options

boiler retubing and rehabilitation

boiler replacement or addition using low-to-medium pressure boilers

boiler replacement or addition using high pressure boilers

Adopt the alternative cane purchase system for the Philippine Sugar Industry
(Corpuz F. APS Study Committee Report 1996)

Adopt comprehensive technology transfer

ie, Comprehensive training program for power plant operation and specific
knowledge of the bagasse-fired energy plant.

Adopt any of the following financing mechanisms (as proposed by Pennington et al et alet al

1996; Doon and Thompson 1998):

Internally generate funds by issuing new equity shares

Debt financing (ie, borrow money from the bank)

Leasing

Joint ventures

Build-operate-transfer (BOT) scheme and its variants

The government and donor agencies should put up guarantee/ matching funds for
ventures in power co-generation.

biofuel. The costs included crop establishment,
fertilizer application, harvest and transport,
storage, land lease, and management. The total
costs were translated from costs per ha to costs
per tonne Napier (at 26% moisture content).
Further, a Strengths-Weaknesses-
Opportunities-Threats (SWOT) analysis of using
Napier during the sugarcane off-milling season
was also done.

Fast-growing fuelwood tree species
Realizing that tree planting has not been a

common farmer's practice, fuelwood tree species
cultivation at the farm level were figured out to
encourage farmers to integrate them in their
farms. This included (a) fuelwood tree planting
schemes, (b) identification and selection of fast-

On-the-job training (OJT) about nursery
establishment and management (NEM) was
deemed necessary. Cost estimates of OJT are
shown in Table 12 (from Mendoza 1999).

The mechanics of purchasing fuelwood in
the farmers' fields were also figured out. This
included the management of the tree-cutter
labor force and the purchasing price by weight
or volume of fuelwood. A simplified method was
used in determining the price of fuelwood. The
method considered the following:

1) The energetic value (barrel fuel oil
equivalent (BFOE) or Gigajoule per
tonne (GJ/tonne).

2) Then, we compared it to the price of 1
barrel of oil at 30 US dollars. Fuelwood
value was estimated using the formula:



FwV = Ev x Pp
Where:
FwV = Fuelwood price per tonne
Ev = Energy value of 1 tonne

fuelwood at 2.56 barrel fuel
oil equivalent per dry tonne

Pp = Purchase price of oil per
barrel

In our analysis, we ascertained the price of
the fuelwood that would be competitive to
bunker oil at 30 US$ per barrel.

RESULTS & DISCUSSION

Baled sugarcane trash
The fuel value of sugarcane trash at low,

average, high estimates and canes that can be
milled (Table 4) indicate that sugarcane trash

Table 2.

cane residues/year low estimate or about
743,000 tonnes/year average estimate.

Burning the trash in the field is the most
common disposal practice in sugarcane farms,
but some farmers mulch their cane trash for the
ratoon crop. At Hacienda Luisita, with complete
ownership and control of the whole farm, green
cane harvesting has been the practice followed
by baling of sugarcane trash, hauling and using
it as biofuel for boilers. This has been done for
more than a decade now. The Hacienda Luisita
experience shows that baled trash can be
economically used as a biofuel.

Because trash baling generates
employment, the community not only accepts
but welcomes the system. Since the mill owners
own the farm, they do not need to negotiate or
make arrangements for labor, and trash baling
can be synchronized with harvesting. The

Theoretical estimates of electrical power co-generation using bagasse during sugarcane milling.

A. Technical Assumptions (based on information from Pennington et al et alet al 1996)

3 kg bagasse generates 1 kWh

20 kWh is used per tonne cane milled

10 kWh is the parasitic load

B. Other Assumptions

Bagasse/cane ratio = 28%

Bagasse utilization = 80%

22 million tonne cane milled (Ave. for 3 years)

C. Computations: Power Co-generation

Per tonne cane milled

= 1000 kg x 0.28 = 93 kWh, 3 kg/kWh

= 93 kWh - [20 kWh + 10 kWh]

= 63 kWh

Total Power Co-generation

= 63 kWh x 22 Million tonne x 0.80

= 1,386 GWh (396 MW)

can totally provide the estimated 13% bagasse
deficit in milling at 2.34 Mt cane. The suggested
management practice is to harvest the plant
residue only after the final ratoon crop.
Assuming harvesting occurs once in 3 years, the
tonnage produced will reach 496,000 tonnes

hauling distance is negligible as the mill is in
the middle of the hacienda, so that the hauling
truck can transport 4 loads/day. Additionally,
people involved in hauling trash work more
efficiently as they are paid based on the tonnage
of baled trash.
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From the NPK ratio of sugarcane trash, a
value of about P143/tonne of trash can be
estimated using the current price of commercial
fertilizer as a reference point (Table 5). This is
the estimated purchase price. By selling the
trash harvest, farmers would save the costs
associated with burning (removing trash from
edges and fireguards).

The Hacienda Luisita case is unique but the

Table 3.

temporary storage P
200/tonne

TOTAL P
1,248/tonne
After adding these cost items, we can see

that 1 tonne of trash costs P1,248 .It should be
emphasized that these are initial estimates
which need to be verified in the field. Even with
this price, baled trash can be competitive to

Collectible sugarcane residue (tonnes/ha) on a dry weight basis for various
worldwide locations (Santo 1991)

Location

Australia

Dominican Republic

Hawaii

India

Jamaica

Puerto Rico

South Africa

Thailand

Mean

Reference Residue (tonnes/ha)

King et al 1965

Stewart & Kingston 1979 8-16

Lopez 1986

ABA International 1983

Stewart & Verret 1929

Anders 1988

M. Nakahata (1989), unpublished data

Jakeway & Santo 1991

Rasal et al 1987

Jakeway & Santo 1991

Bonnet et al 1950

Thomson 1966 16-23

Barnes 1974

Jakeway & Santo 1991

19

16

10

22

25

25

13

12

10

12

12

23

14

11

16

experiences provide valuable inputs particularly
on the purchase price of baled trash. Additional
baling/hauling expenses to ensure the viability
of baled sugarcane trash for co-generation
(COGEN) should altogether be considered.
There are 3 major cost items identified in our
study and they are as follows:

trash purchase R
143/tonne (Table 5)
collection/baling/hauling R
902/tonne (Hacienda Luisita)

bunker oil or coat The fuel value of trash is
approximately $55.70 US/tonne = 1.855
BFOE/tonne x $30 US/barrel ( P 2,899).

There are difficulties associated with
collecting, baling, hauling, and preparing trash
as a biofuel (Table 6). This implies that
incentives should be provided to COGEN power
plant owners as successfully practiced in
Australia (Doon & Thompson 1998). With the
use of sugarcane trash as a biofuel for power,
COGEN can provide financial benefits to the
plant owners and investors. Moreover, the



positive features can be appreciated in both the
rural and national economy. Table 7 shows the
benefits of using sugarcane trash for fuel. It can
employ 4,142 workers (low estimate of trash
yield), 6,214 workers (average), or 8,285 (high
estimate) for a 5-month period. For the
Philippine trade balance, significant savings can
be achieved by reducing the importation of
bunker oil. Estimated savings range from US
$14.5 M (low estimate of trash yield), $21.8 M
(average) and $29 M (high estimate).

There are other important factors to be
considered if baled trash is used as biofuel.
Sugarcane trash removal in-between ratoon
cycles may have detrimental effects on cane crop

4) Susceptibility of the unprotected soil
surface to wind or water erosion.

Mulch from cane trash protects the soil
surface from splash, runoff and wind erosion
and reduces evapotranspiration. With the
presence of mulch, the infiltration rate of the
soil is greater, minimizing runoff.

5) Application of organic or inorganic
fertilizers to replace plant nutrients
removed with the residue. Santo (1991)
described the respective concentrations
of N, P and K in the cane residue as
about 0.3, 0.05 and 0.50% dry weight
basis (ie, for a 15 tonnes/ha yield, the
losses are 45, 7.5 and 75 kg/ha of N, P

Table 4. Fuel energy value sugarcane trash and canes that can be milled for their 'Green Power.'

Trash Yield (1) Fuel Value Million Tonne Cane to be % of Total Canes
milled (2)

MLOE MBFOE

Low: 496,000 100.0 0.74 2.0 11

Ave: 763,000 154.2 1.13 3.05 17

High: 991,000 200.2 1.97 3.96 22

*Technical coefficients used:

1 tonne sugarcane trash = 1.855 BFOE = 136 L-oil
sugarcane trash = 80% relative efficiency of bunker oil
1 tonne sugarcane trash = 1.855 x 136 x 0.80 = 202 LOE
Milling canes require 50.42 LOE/ TC (Corpuz & Aguilar 1992).
MLOE = million Li-Oil equivalent; BFOE = million barrel Fuel Oil equivalent
Estimated from 1.488, 2.229, 2.473 tMt of sugarcane trash at low, average, high yield respectively (Mendoza & Samson 2000),
Trash baling on the second ratoon only (on every 3 years).

growth. Santo (1991) listed the following seven
factors to be considered when removing
sugarcane trash:

1) Damage to ratoons by the collection
equipment. Residue collection
equipment can cause damage by wheel
slippage, compaction, or wheel
penetration into moist soil.

2) Soil compaction and tillage
requirements with increased infield
traffic.

3) Influence on soil water retention,
evaporation, infiltration, and drainage
properties.

and M. However the average nitrogen
gain from trash farming can be
approximated as 125 kg N/ha. Patriquin
(2000) estimated that cane trash
farming increases nitrogen content of
the soil by 50 to 200 kg/ha through
asymbiotic nitrogen-fixation. Thus, the
nitrogen content of the decomposing
trash is only a small fraction of this
value.

6) Control of weeds, diseases, insects and
other pests. Preharvest burning
ordinarily kills off borer insects
(Rhabdosceius obscurus) and reduces
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the rat population. Without burning,
pest populations can increase.

7) Deterioration of physical and chemical
soil properties with less carbon being
returned to the soil.

Residue removal is predicted to have no

with the cane producer, as there will be no
concerns if ratoons are damaged during the
harvest or if harvesting is delayed because of
wet weather. Partial removal of residue has
been suggested as an alternative management
practice, but the same problems associated with

Table 5. Nutrient value of sugarcane trash per tonne

Amount of Nutrient* Unit Price / tonne trash Price of nutrient

Nutrient (kg/tonnes) (P1kg) (P)

N 2.87 17.7 51

P 0.5 26.6 13.3

K 4.58 10 45.8

TOTAL 110.1

TOTAL NUTRIENT PRICE: P 110.10t/tonnes x 1.3 = P 143.13

(All other nutrients cost 30% of total NPK price)

*Based on April 2000 retail price of commercial NPK fertilizer sources, Laguna, Philippines. International
price of N, P, K is about $0.73, $2.19, and $0.64 per kg, respectively. 1 USD=52 pesos

significant agronomic effects when compared
with preharvest or postharvest burning
provided the ash is returned to the field
(Jakeway 1993). However, there may be reduced
yields due to ratoon damage, and the fertility

benefits associated with trash-mulch
farming will be lost. In some areas such as
Northern Australia, trash farming has been
identified as one of the best management
practices to improve cane productivity. Analysis
showed that it is not economical for growers to
remove the cane material until the final ratoon
crop. The best residue recovery option is to
collect the trash only after the last ratoon crop
of a 3- or 4-year cycle. Harvesting after the final
ratoon crop has minimal impact on soil fertility
if trash farming is practiced in the proceeding
crops. Trash remaining in the field following the
final ratoon crop prior to land conversion
presents a problem for farmers where burning is
the most common means of disposal. Harvesting
at this time will be very compatible with
farming operations and compensation to
farmers for its removal can be realized at a cost
reflecting the value of the nutrients in the cane.
It will also minimize the potential for conflict

complete trash removal will be encountered
under this system.

Trash baling, hauling and storage also
present some problems. The following
observations have been noted:

In the case of Hacienda Luisita trash
collection system, the use of higher density
bales (12-15 kg vs 7 kg) can reduce collection
costs. Collecting material in fields directly
from the baler with bale wagons will
minimize the manual handling of heavy
bales.
Other systems of trash handling may
ultimately prove more effective, especially
for large mills. For direct use as a bunker oil
substitute, bulk harvesting can be the most
economical system if sufficient trash can be
located near the sugar refinery. Small bales
will be more appropriate for situations
where small fields exist or where wetter soil
conditions are present.
Large square bales will be the most suitable
as the high-density product reduces
transport and storage costs. For year-round
power generation, biomass will have to be
collected at a greater distance from the mill



than for bunker oil substitution. The system
can be fully mechanized and efficient
chopping devices are now available to break
down large bales to feed into boilers. Small
square balers can be used to supplement
this system. The feasibility of using bulk
handling for stored systems needs further
examination.
The best way to expand the utilization of

cane trash will be to improve the Hacienda
Luisita system. This can be achieved by using

both dry matter and energy content were
evaluated for cane bales (small square bales vs.
large round bales) (Jakeway 1993). It was found
that during the wet season small bales required
storage cover for protection if not used
immediately. After one year only 9.8% of the
round bales' dry matter was lost, compared to
57.6% of that of the square bales. Degradation
in fuel value was also noted for the small square
bales (Jakeaway 1993). Covered baled
sugarcane trash, whether in bulk or baled form,

Table 6. Difficulties encountered in trash baling and its utilization as fuel in the sugarcane mill*.

Collection at the farm

Rainfall will suspend manual windrowing operations, causing hardship for the workers who are paid by the quantity
of work done. Much of this field work could be mechanized using wheel rakes.

Loading/unloading is still manual

The use of lightweight small square bales (eg, 7 kg at Hacienda Luisita) for ease of handling is not optimizing storage
or transport costs.

Weight of baled trash increases after heavy rains

Loading/piling in the millyard of baled trash consumes space.

Bagasse needs to be pushed in the yard by mechanical loaders (added machine, fuel, repair/maintenance for loader).
Bagasse needs a cover, which is an added cost. Without a cover, the fuel value decreases over time due to
rains/moisture.

Baled trash should be conveyed directly to the shredding machine and subsequently fed to the boiler to avoid large
piles of baled trash.

Shredding of baled trash

Trash is quite pliable when baled at high moisture contents. The power requirement of effective shredding equipment
is high.

Stock piling of baled trash requires much space

Efficient shredding machinery is not yet installed in the Philippines.

The need to mix bagasse and shredded trash when used as fuel in the suspension-fired boiler.

Bagasse has a high moisture content (48-52%) while trash is drier (26% m.c. average). This leads to mixing difficulties.

*Source: Buan 2000

higher density bales and collecting material in
fields with bale wagons to minimize the weight
problem of increasing bale density. Bale
elevators can also be used for stacking bales in
piles.

How to economically and safely store the
baled bagasse has also to be considered. The
effect of storage under exposed conditions on
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keeps the material dry, prevents rotting and
preserves the energy content of the bales.
Placing cover is an added cost but leads to
minimal losses, while leaving the bales
uncovered means considerable losses.

High-Yielding Perennial Napier Grass
Napier grass (Pennisetum purpureum) is a
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very tall grass similar to sugarcane and energy
cane and well-suited to tropical environments.
Grown in soils that are fertile or regularly
fertilized with chemical fertilizer and manure,
this and other high-yielding perennial grasses,
produce a large amount of biomass and are
easily planted from stem cuttings. Like

Table 7. Benefits of using sugarcane trash for fuel

P. glaucum hybrid) are specifically selected and
bred for animal forage. In other countries,
selections and/or cultivars for biomass fuel are
becoming available.

Research and development on the
adaptability and selection of Napier cultivars for
biofuel is necessary for sustaining biomass

Rural employment generation

Low Yield: 260,991 tonne x P 285.7t/tonnes P 150/day per person

= 497,100.9 days - 24 working day (wd)/mo

= 20,712.5 months of work or employment for 4,142.5 workers for 5 months

Ave. yield: 391,486 tonne x P 285.7t/tonnes -P 150/day per person

= 745,650.3 days - 24 wd/mo

= 31,069 months of work or employment for 6,214 workers for 5 months

High Yield: 521,982 tonne x P 285.7t/tonnes -P 150/day per person

= 994,201.7 days - 24 wd/mo

= 41,425 months of work or employment for 8,285 workers for 5 months

Barrel Fuel Oil Equivalent (BFOE) of sugarcane trash

Low yield: 260,991 x 1.8551 bfoet/tonnes trash

= 484,164.4 bfoe x 30 USD/barrel = 14 5 million USD

Ave yield: 391,486 tonnes x 1.855 bfoet/tonnes trash

= 726,206.5 bfoe x 30 USD/barrel = 21 8 million USD

High Yield: 521,982 tonnes x 1.855 bfoet/tonnes trash

= 968,277.6 bfoe x 30 USD/barrel = 29 0 million USD
*Source: Buan 2000.
P 285.7t/tonnes is the labor cost per tonne in trash baling at Hacd. Luisita, Tarlac, Phil.
P 150/day is the average wage rate at the time of the study
24 working day (wd)/ mo is the average working days of workers
5 months (Nov.-April) is the duration of trash baling

sugarcane, the ratoon crop naturally comes up
after the mature stem/leaf is harvested.
Adapted cultivars can be maintained for 5-10
year production cycles. Table 8 summarizes the
outstanding features of perennial high-yielding
warm-season grasses as biomass crops. Napier
grass is not new to the Philippines. It is mainly
grown as animal forage. In fact, the two
varieties available in the Philippines - Mott (P.
purpureum cv. Mott) and King (P. purpureum x

supply in COGEN power plant projects. An
economic analysis of Napier production for
biofuel has revealed that the total cost as it
reaches the mill yard is approximately
U1,339/tonne (Tables 9 and 10).

Thus, research suggests that it costs almost
the same to grow and harvest Napier
(U1,339/tonne) as to collect, bale, haul and store
sugarcane trash (U1,248) as a biomass supply
during the off-milling season. The largest



additional cost is the land, as Napier is a
dedicated crop unlike sugarcane. Unfortunately,
the Philippines has limited land available, as
most of the agriculturally favorable areas have
been cleared and are entirely used for crop
production. The areas with the most potential
for Napier-based biofuel production are hilly
areas with marginal, eroded/degraded soils. Due
to the remoteness of such sites, (50-100 km from

provide growers with a reasonable rate of
return. Assuming a price of Napier grass of
R1,650/tonne, at 30 tonnes/ha, the farmer will
be earning R49,500/ha.

Using Napier as a biofuel option for power
co-generation is positive for the environment
since it is a renewable form of energy. The
SWOT analysis using Napier during the
sugarcane off-milling season is shown in Table

Table 8. Common features of high yielding C4 Grasses as biomass crops (as summarized by
Samson et al 1993)

High productivity When appropriate cultivars are chosen, yields can be up to 30 tt/ha.

Water use efficient Uses water 2 times more efficiently than C3 crops. Root systems can
extend up to 3.3 m with greater root weight at deeper soil depths
than cool season grasses.

Low P requirements Use of mycorrhizal symbiosis for P nutrient uptake provides
advantages on soils with low levels of available P.

Low K requirements Has lower critical K level.

Stand longevity Exhibits longer persistence (perennial trait) minimal disease, and
insect problems.

Acid tolerance Tolerates low pH (less than 5.0).

Farmer friendly They can provide nesting and food sources (seeds) for birds. As
application of chemical fertilizer it is lower than most field crops,
nitrate and P loading into water sources is minimized.

the nearest mill or COGEN power plant)
hauling and transport costs will be higher.

The pricing of Napier grass and the actual
costs of production remain to be determined.
Our analysis indicates that Napier hauled at
26% moisture can be produced at about
U73.6/GJ (U1339/tonne) with 1 to 2 weeks sun-
drying after cutting. Napier grass at 26%
moisture has 28% of the energy value of bunker
oil. If bunker oil is priced at $220.50/tonne
($30/barrel) the equivalent oil energy value of
Napier is $62.50/tonne. Napier grass and
sugarcane trash have roughly the same heating
value, and can be priced at the same level.
Assuming that Napier grass and sugarcane
trash were priced at one third below the price of
bunker oil (approximately U1,650/tonne) either
will be economically attractive for use by sugar
mills as a bunker oil substitute. This will

11. The use of Napier is comparatively better
than rice, maize and root crops, and if land is
accessible, growing Napier as a biofuel can be
attractive. The main advantage of Napier grass
production is its potential to dramatically
increase biofuel availability during the off-
milling season. Planting 50,000 ha of Napier
grass can provide 1 M ODT, 3.5 times more
biomass than the amount of available sugarcane
trash. The development of Napier grass will
follow the utilization sugarcane trash as a
substitute for bunker fuel (presumably the first
step towards an off-season power generation
industry).

One outstanding question is the suitability
of the Napier grass as a feedstock for long-term
boiler operation, with concerns about clinker
formation and fouling.

To promote Napier cultivation to ensure a
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biofuel supply for power co-generation during
off-milling, two possibilities are suggested:

1) Forming contracts with small- to
medium-size farmers. An assured buy-
back at an agreed price of 81,650/tonne
will encourage them to grow Napier.
COGEN plant owners shall provide
technical advice on the proper
establishment and care of Napier. High-
yielding and well-adapted cultivars shall
be provided to farmers. Whenever
possible, an advance purchase of the

Table 9.

more). An advantage of leasing lands is the
assurance of a better/higher supply by placing
Napier management under control of the
COGEN plant owners.

Fast-growing fuelwood tree species
Despite the wood deficit in the Philippines,

tree planting has not gained acceptance among
farmers. Possible explanations include the long
growing period of wood tree species and the lack
of a ready market for wood in communities
where trees are to be planted. There also

Estimated establishment costs for Energy-cane/Napier grass (Pennisetum purpereum)

ITEM

Establishment cost

1. Land Preparation

Plowing

Harrowing

Furrowing

2. Preparation of planting materials

45,000 cuttings

3. Hauling/distribution of cuttings

4. Planting of cuttings

5. Cultivation/weeding

Total

Unit Cost (P) Cost Per ha (P)

Moldboard R 2,500 3,500

Secondary plowing a 1,000

900 x 2

900 x 1

Chisel plow/ripper 450
cultivator 300/ha x 2
hand weeding 500

1,800

900

2,400

1,800

3,000

1,550

14,950

a 2,990 when amortized over 5 years

appropriate amount (ie, 30%) of
harvestable Napier shall be made.

2) The COGEN plant owners may also look
for landowners that are willing to lease
their land for Napier cultivation.
Current lease rentals may range from
85,000 to 88,000 /ha/yr.

Adding lease rental and storage to the
establishment, maintenance, harvesting and
hauling costs increases the price by about
8400 /tonne. When the additional costs of
administration, depreciation and interest are
taken into account, the cost of Napier
cultivation totals R 73.6/GJ (81,339/tonne or

appears to be a lack of support services for tree
improvement.

The adoption of power co-generation in
sugarcane milling will provide an additional
market for fuelwood. Thus, planting or
integrating fuelwood tree species into the
existing agricultural landscape offers the
potential for increasing farmers' income. Tree
cultivation is also compatible with
environmental enhancement, protection and
conservation measures in the rural areas (Lasco
1999, Espiritu 1999).

Promoting the propagation of fuelwood tree
at the farm level requires the following:



Appropriate wood tree planting schemes
Identification/selection of fast-growing
fuelwood tree species
Provision of seeds/seedlings and initial tree-
establishment techniques and subsequent
care and maintenance

species of fuelwood diversifies the landscape
and readily promotes a solution to the
current problem of soil erosion. It also
addresses the need to manage micro-
watersheds in the farm or community.
Assessing CO2-sequestering agricultural

Table 10. Production budget of Napier per ha and per tonne.

Item

Establishment (amortized over 5 years, from Table
3.14: 14,950/5 = 2990)

Fertilizer

P/ha

2990

Pt/tones (26% M.C.)

100

168 kg N @ 17.7 P/kg 2974 99

42 kg P @ 26.6 P/kg 1117 37

84 kg K @ P10/kg 840 28

Fertilizer Application (P66/bag) 900 30

Harvest and Transport (P 645t/tonnes) 19350 645

Subtotal 25181 939

Land Lease and Management 6000 200

Storage 6000 200

Total Cost 40170 1339

Total Revenue 49500 1650

Net Return 9330 311

Optimization of the logistics of fuelwood
supply systems.

a) Fuel wood tree planting schemes
There are at least 2 schemes for planting

and/or integrating wood tree species in the b)
agricultural landscape. These are as follows:

Perimeter or boundary planting of wood tree
species. Instead of using barbed wire or hog
wire to border an area, trees at dense
spacing can be planted. These trees will
serve as barriers, property-line markers,
windbreaks and a fuelwood source 6-8 years
after planting. From 2 to 3 rows along the
farm perimeter may be planted to increase
wood tree yield per farm.
Planting trees on marginal agricultural
areas. Planting marginal areas with 3 to 4

practices (Mendoza & Delos Santos 1999)
has shown that integrating wood tree
species in the agricultural landscape yields
the highest CO2 sequestration impact.

Identification/ selection of fast-growing
fuelwood tree species.
To encourage farmers to plant trees for

biofuel, information must be provided about
species of trees adapted to their specific farm
situation and location. Appropriate species
mixtures for perimeters and boundaries should
be specified. Farmers dedicating areas entirely
to fuelwood also require information about
appropriate tree species.

Multipurpose tree legume species appear
advantageous and practical since these tree
species do not require N-fertilizer application to
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boost tree growth. Leaf-litter serves as a
nutrient supply to the shallow rooted crops
grown by the farmers.

c) Provision of seeds/seedlings
Agricultural landscapes are generally

planted with only a few annual crop species. In
Negros, sugarcane is planted on about 90% of
agricultural lands while the remaining land is

purchasing of firewood:
1) The management of the tree-cutter

labor-force (eg, location of collection
points of the harvested wood).

2) The purchasing price by weight or
volume of fuelwood. In Mindanao, where
planting wood trees for pulp and paper
has gained acceptance by progressive
farmers, the farmers themselves decide

Table 11. SWOT analysis of using Napier as biofuel supply option for power COGEN

Strengths

Renewable supply

No net CO2-GHG contribution

Generates rural employment

Saves dollar via reduced bunker oil imports

Alternative crop for small hold farmers

Causes less soil erosion/degradation than maize or root
crops

Easier to grow than vegetables, root crops, upland rice,
or maize

Perennial (less labor required)

Presently no major pest or disease problems

OPPORTUNITIES

Crop option for diversification.

A less-labor required, suiting the utilization
/diversification pattern in rural areas.

Weaknesses

Revenue can only be obtained after 1 year

May compete with land devoted to staple crops

Requires high fertilizer input to achieve high yield

Cultivar types for biofuel are yet to be selected/identified

Requires a period of promotion as farmers in general have
a "wait-and- see" attitude.

Logistics of drying and storage more difficult than wood.

THREATS

Growing Napier for biofuel is yet to fit the cultural milieu
of rural farmers. It may not be attractive, especially if
there is no "contract to sell" to prospective users

Napier is prone to be used as a livestock feed during
droughts, which may fluctuate its value and availability.

planted with rice (waterlogged areas) and
maize/vegetables (upland areas).

Fuelwood seeds and seedlings must be
readily available, as currently it is difficult for
interested farmers to obtain seeds for fuelwood
species. Part of investment package in power
COGEN project would be to allocate funds for
nursery establishment in selected farms and
communities.

Purchasing Fuelwood
There are two concerns associated with the

the appropriate length and diameter to
cut the trees. The wood is then hauled
(by carabao) to pick-up points accessible
by hauling trucks. If the farm is
accessible, the hauling truck may go
directly to pick up the harvested trees.

The pricing of biomass may be determined
by different methods. A simplified method is to
compare the energetic value (eg, BFOE or
GJ/tonne) associated with the biomass to that of
oil.

Different tree species have varying BFOEs.



For illustrative purposes, we considered an
average of 2.56 BFOE/tonne of wood:

1 tonne wood = 2.56 BFOE
1 barrel oil = $30 US
1 tonne wood = $30 x 2.56 BFOE

$76.80/tonne
The price of fuelwood in the Philippines is

rising with the continued deforestation of the

sugarcane trash were estimated at US $6.3 M if
the cane is purchased at the cost of production
(81,048/tonne). This estimate assumed that the
harvested trash was used as a feedstock and did
not require storage. If storage was required, the
overall cost would increase by roughly 20%, but
it would still be the most economic alternative
to bunker oil.

Table 12. Budgetary requirements* for on-the-job training (OJT) about nursery establishment and management
(NEM).

Training Inputs Cost per 5 Nurseries (P)

1. Orientation on the principles/practices of NEM (Meals, transport, training
facilitation)

270,000

2. Nursery materials: seeds, nursery contributions, etc. 1,435,000

3. Seedling care and management: meals, materials, other expenses 280,000

4. Activity supervision/monitoring: salaries, transportation, allowances, technical
supervision (1 year)

539,000

5. Nursery cost indicators 2,524,000

Ave. Cost/nursery 504,800

Target seedling output per nursery (minimum) 150,000

Cost per seedling ready for outplanting 3.36
* Source: Mendoza 1999.

nation. The average retail price for firewood was
determined in the 1995 household survey to be
P2,480/tonne (in the rural areas of the Western
Visayas). Purchase of wood in shelterbelts or
plantations will have to compete with firewood
prices. For the very high volumes of fuelwood
required to develop an off-season sugar milling
industry, the delivered cost will be higher than
the relatively low cost materials the mill can
currently procure for the initial firing of the
boilers. Production of large volumes of wood will
ultimately compete with firewood prices. Hence,
a purchase price for fuelwood of 80% of the 1995
household survey price was assumed. At

2,000/tonne, fuelwood can produce steam two-
thirds the cost of bunker oil at $30 per barrel.

3 alternative sources of energy
The costs of steam production by oil and by

biomass fuel sources (bagasse, sugarcane trash
and Napier grass) were estimated (Table 13).
Cost savings associated with the utilization of

Napier grass was also determined to be an
economically viable alternative to bunker oil.
The purchase price of cane trash and Napier
grass were estimated (Table 13). Napier grass
and cane trash have similar heating values, and
will be priced at the same amount. If mills were
to purchase Napier and cane trash at a price of
R1,650/tonne wet, the savings would still be an
estimated US $3.7 M.

The pricing of wood remains an issue, as the
purchase of wood for mill use from tree
plantations will be in competition with firewood.
The purchase price of fuelwood was thus
assumed to be higher than the price of Napier
and cane trash, at 82,000/tonne due to its
higher steam production potential. On a per
pound of steam basis, the monetary value
computed was 210/lb or US $20 per barrel of oil.

The estimates show that all three biomass
sources can be used as Green Power substitutes
for power generation for sugarcane milling.
Further study is required on the suitability and
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biomass quality of the sugarcane trash and
Napier grass for sustained firing in current
boilers being utilized by the industry.

CONCLUSION

Bagasse accounts for 87% of the fuel
requirements of Philippine sugarcane mills.
This means that the energy deficit of 13% of
overall fuel usage is replaced by other means.

entirely with sugarcane trash at an average
trash yield of 763,000 tonnes/ha. This gives an
energy value of 154 MLOE or 1.13 million
BFOE valued at $ 40 M (1 barrel= 30 US$).

Australia and Thailand's sugar mills meet
nearly 100% of their energy needs with bagasse
through high-efficiency boilers. The Philippine
sugar industry can reduce its importation of
fossil fuels through the installation of more
efficient boilers, which will use the bagasse

Table 13 Fuel value, cost of production and suggested purchase price of sugarcane bagasse, cane trash,
Napier grass and fuelwood.

Biomass Fuel value per tonne Cost of Suggested HHV Moisture
(wet) based on bunker oil
energy equivalent, Pesos

Production Purchase price per
delivered tonne (P)

GJt/tonne
s

Content %

Sugarcane bagasse P 1,658 0 1,050 18 48-52

Sugarcane trash P 2,489 P 1,048 1,650 18 26

Napier P 2,489 P 1,339 1,650 18 26

Fuelwood P 3,100 Varies 2,000 20 35

* The suggested purchase price for biofuels is 2/3 of the energy cost of oil or $30 USD per barrel

On one hand, nationwide, 5.9% of this deficit is
covered by bunker fuel oil. On the other hand,
sugarcane trash can supplement bagasse and
maximize the replacement of bunker oil. The
energy deficit that is usually filled by bunker oil
is approximately 364,570 barrels of oil. At an oil
price of $30/barrel, this represents a cost of $11
M. The 13% bagasse deficit can be replaced

resource more efficiently. Alternatively, with a
very small investment in field machinery,
sugarcane mills can procure trash to eliminate
expensive fuel imports. The potential also exists
for sugarcane trash, Napier grass and fuelwood
to create a year-round power generation
industry, concurrently with the modernization
of sugar mills.
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