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Executive Summary
There are at least a dozen new oil palm plantings around the state. While the trees are still too young to provide
any yield data, it is clear that oil palm will grow in Hawaii. It is likely that yield of crude palm oil will be somewhat
less than in the full tropics, perhaps on the order of 500 gallons/acre-year. Trees will take somewhat longer to
mature and before reaching a level of production where harvesting becomes worthwhile.
Labor requirements associated with oil palm are significantly higher than for other oil crops. While there have
been some minor improvements in labor saving technology (motorized pruners), harvesting has not been
mechanized and remains labor intensive. With labor rates roughly 7-10 times what they are in S.E. Asia coupled
with an expected standard of living, it will not be economical to grow oil palm on a small scale. If petroleum oil
prices or 'green' subsidies increase significantly this situation may change.
Intercropping with cattle, cacao or coffee or other understory crops may change the economics favorably.
Sale of animal feed byproducts from palm oil extraction is a plus in terms of revenue and sustainability of livestock
farming. Successful production of these byproducts (nut separation and processing, drying, etc.) may require a
palm oil mill larger and more sophisticated than can be justified by a single farm or a small cooperative.
A cooperative farming approach to may have some benefits. However, labor costs would be only marginally
reduced and would be offset to some extent by the cost of trucking the fresh fruit bunches to a centralized
processing facility. Economies of scale would definitely apply to a palm oil extraction plant and a larger
cooperative mill would clearly offer some economic advantages.

1 Introduction
Around 2007 there was a flurry of activity centered on the feasibility of growing oil palm in the State of Hawaii.
NRCS on Molokai brought in some hybrid seed from Costa Rica and planted a small demonstration plot. Dr. Steiner
from University of Hawaii - Hilo visited an oil palm plantation, and with the help of a grant from Imperium
Renewables Company, Inc. imported 10,000 hybrid seeds. Bob Ely acquired about 100 seedlings grown from wild
collected seed from Ghana.
Various groups have planted both these hybrids and wild collected seed at sites around the state. Some of these
trees are beginning to bear mature fruit. While it is still too early to develop quantitative data, initial indications
are that oil palm will grow and produce in Hawaii.
The purpose of this document is to summarize some of the knowledge that has accumulated locally and to attempt
to provide some direction to establishing oil palm as a biofuels crop in Hawaii.
The author does not claim to be any sort of an expert on oil palm but has been peripherally involved in the subject
for several years. Any comments or criticism on this paper are welcomed. Most of the supporting documentation
was found online, and links are provided wherever possible in the References section.

2 Status of Existing Oil Palm Plantings in Hawaii
The following is a link to an on-line database of some of the identified sites where oil palm is being grown in
Hawaii: http://bigislandgrowers.com/OP/OPhawaii.html
The first hybrid seeds were planted at the NCRS station on Molokai in early 2008 and are just now reaching
maturity. These trees have been micro-irrigated in the island's dry climate.

Figure 1 --- Trees at NCRS station on Molokai
Starting in 2009 a mix of hybrid trees sourced from ASD and Thailand were planted at the Mahilani farm above
Hilo. Fruit is now developing on the earliest plantings. Some fruit are reaching full size.

Figure 2 --- Mahilani Partners LLC, Hilo
CTAHR started a project in 2009 at the Paneawa Experimental farm. The trees include ASD hybrids and wild
collected. The first fruit is just beginning to appear.

Figure 3 --- CTAHR plot at Paneawa Research Station
Several sites around the State of Hawaii (e.g. UH - Hilo, Paneawa Station, Hilo Arboretum, etc.) each have a few
non-hybrid, older (10+ years) oil palm trees. All appear to be fruiting tolerably well in view of the fact that most
are neglected with respect to weeding and fertilizer.
Plots at the higher elevations are not faring as well as those pictured above. At one site at the 3,000 foot level
near Mountain View, there is a high mortality rate, and it is unlikely that the trees will fruit. Another site at the

1,500 foot level has a few trees that have been cared for and are doing well, but others that have been neglected
are stunted.
While there is no quantitative yield data available at his writing, it does appear that oil palm will grow and produce
at the lower elevations.

3 Oil Palm Agriculture
3.1 Yield & Growth
Oil palm is typically grown between 15N and 15S. Claims of yield vary all over the map with 800
(3)
gallons/acre commonly being cited. Some claims for new miracle hybrids go as high as 1,400 gal/acre.
(4, 23)
However, more reliable published values
tend to be in the 450 to 650 gal/acre range. Note that 5
metric tons /hectare = 600 gallons/acre.
In the tropics trees begin to bear fruit at about 3 years after planting. The yield gradually ramps up for a
(5)
few years until ultimate production is reached at about 7 years . The table below illustrates the growth
as % of ultimate yield. The number of fruit bunches actually declines as the tree approaches maturity.
However, the weight of the bunches and size of the fruit more than offsets this decline. Based on
observation of the older, but recent Hawaii plots it is clear that trees are not maturing as quickly as
claimed for the tropics. Yield begins to gradually decline after about 20 years, and the trees are replaced.

Age (years after planting)
3
4
5
6
7
8
21
Table 1 --- Yield versus age

Costa Rica
28%
59%
84%
92%
100%
100%
96%

(5)

Hawaii?
0%
10%
30%
60%
80%
100%
---

Economics presented later on in this document will be based on a more conservative 500 gallons/acreyear, and in consideration of the less than ideal growing conditions in Hawaii. In the column titled
"Hawaii?" are the figures just educated guesses used for yield as a function of time.
No data is yet available about the seasonality of oil palm locally. In the tropics the harvest is year-round
(24)
with a 10 to 20% seasonal fluctuation from the average .

3.2Nursery
It takes approximately 18 months to germinate seed and raise the seedlings to field planting size. There is
a significant cost associated with the field-ready trees valued on the order of $15 each. Culling rate from
(6, 7)
seed to field planting ready is typically 15%-25% .
Germinated seed cannot be imported into the United States. Preheated seeds are received in sealed
bags. Moisture content is carefully adjusted by soaking in water. Seeds are dried to the appropriate
moisture content, then bagged and stored in a dark temperature controlled area for germination.
Typically the first seeds will germinate in 6-8 weeks with additional sprouting continuing for several
months thereafter. A two-stage nursery is the preferred method as better care can be taken in the early

stages of development. Sprouted seeds are planted in 1 gallon poly bags and grown out under shade in
raised beds.

Figure 4 --- From sprouted seed to pre nursery seedling beds (credit ASD de Costa Rica

(5)

)

Well developed seedlings are then transplanted into 10+ gallon poly bags and set out into the main
nursery on about 4 foot centers. Main nursery area required is about 2.5% of the planned plantation
area. In the tropics trees are ready for field planting about 14 months in the main nursery or 18 months
after start of germination process. In Hawaii the development may be a bit slower. The potential for wild
pig damage may also dictate the minimum size of field ready tree.

Figure 5 --- Potting up seedlings to open main nursery bags (credit ASD de Costa Rica

Figure 6 --- Growing out to field planting size (credit ASD de Costa Rica

(5)

)

(5)

)

3.3 Planting
Planting density depends on the type of hybrid. 50 trees/acre on 30 foot centers is typical with 80+
trees/acre possible with some of the compact hybrids.

3.4 Weed control
A leguminous cover crop can be planted to assist in weed control. Sprayed herbicides can be used once
the lower branches have reached a sufficient height above the ground.

3.5 Fertilizer
Oil palm requires a significant amount of fertilizer. The amount and types will be very dependent on the
soils, drainage, rainfall, and return of materials such as EFB, POS and composted materials to the field. It
is common practice to burn EFB and fronds to supply the heat and power for the palm oil mill. The
resulting ash is used to offset fertilizer costs. To develop some rough economics the following Table 2 has
been be used. The application rates stated in various papers vary all over the place, but the amounts and
costs should be in the ballpark.
Element

kg/MT
(5)
FFB
4.6
0.6
6.0
1.3

lbs/acre @
500 gal/acre
73
10
95
20

Nitrogen
Phosphorous
Potassium
Magnesium
Total
Table 2 --- Fertilizer requirements

Fertilizer
Urea
MAP
Potash
MgSO4.7H2O

Price $/ton

(17, 19)

$1,000
$1,000
$1,000
$400

Cost $/acre
$77
$11
$57
$41
$186

A significant reduction in fertilizer requirements may be achieved by intercropping with livestock and
composting with empty fruit bunches and chipped fronds.

3.6 Harvesting & transport
Harvesting of oil palm is done manually. Fronds are trimmed and FFB cut from the trunk by means of a
chisel or motorized saw at the end of a pole. Fruit bunches weighing up to 60 pounds fall to the ground
and are manually thrown into motorized collection wagons. Considerable effort has gone into developing
automated harvesting equipment, but nothing is commercially available yet.

Figure 7 --- Harvesting fruit bunches

3.7 Labor
Oil palm farming is very labor-intensive, particularly the harvesting of the FFB. It represents more than
(11)
one half of the total production cost. Estimates are from 1 worker for every 6.7 hectares
to 1 worker to
(8)
16 hectares with small holders requiring the most labor. Assuming that harvesting in Hawaii would be
done in the most labor-efficient manor with motorized wagons and gasoline pruning saws, a figure of 1
worker/10 hectares (= 25 acres) is used in the economics.

Figure 8--- Labor requirements oil palm vs. other oil seeds
Figure 8 above illustrates the underlying problem with growing oil palm profitably in Hawaii. That is the
labor requirements are higher than for any other oil crop. This is less of a problem than in say, Malaysia
where the agricultural labor rate is about $1.40/hour whereas in Hawaii it is about 10 times as high or
$14/hour. Later in the economics section we will see how that impacts the profitability.

3.8 Intercropping

Intercropping with cattle is possible once the tree is sufficiently well developed that it will not be
trampled or the roots damaged when the ground is soft during wet weather. Grazing cattle amongst the
(16, 25)
trees can significantly reduce the cost of weeding and fertilizer
.
Cacao and coffee are candidates for intercropping as well. However there is a ten-fold reduction in
photosynthetically active radiation at ground level as the trees mature and the canopy closes.

3.9 Pigs and fencing
There is some evidence that feral pigs will be a problem by uprooting small trees. Fencing or aggressive
pig control is likely to be required during the early years.

4 Palm Oil Extraction
Getting the oil out of the palm fruit is somewhat more complicated that extracting the oil from, say, soybeans or
canola. The FFB must be heated to effectively separate the fruit from the stems and then further digested with
heat in order to break down the cells and release the oil from the fiber. Additionally, about 25% of the oil is
contained inside a very hard seed or kernel that must be cracked.

4.1 Technologies
Two different approaches, "wet" or "dry" can be used to extract the palm oil. The wet process is used in
the vast majority of palm oil mills. The problem is that it produces large quantities of concentrated
wastewater. The dry process appears to be less efficient in recovering the oil.

4.1.1 Wet Process
Mechanical extraction of crude palm oil by the "wet" process includes the following steps:
1. Fresh fruit bunches (FFB) reception
2. Steam sterilization and stripping fruit from bunches
3. Digestion and pressing of the fruit
4. Oil extraction from macerated fruit
5. Palm oil clarification
6. Separating fiber from the nut
7. Drying, grading, and cracking of the nut
8. Separating the shells from the kernels
9. Empty Fruit Bunches (EFB) are pressed and shredded to extract any crude oil, and the fibre is
prepared for either compost production or fuel for boilers
10. Kernel Crushing (mechanical pressing)
11. Palm Kernel Oil Filtration
12. Palm Kernel Meal Grinding and Packing

Figure 9 --- Palm oil mill flow diagram

Figure 10 --- Palm oil mill material balance - note the wastewater quantities
For small farms it may be possible to return the palm oil sludge and other wet streams to the
fields with a spray irrigation approach. Some fertilizer values would be recovered.

4.1.2 Dry Process
The dry process lends itself to smaller installations. The fruit may be threshed before it is heated
but may result in some loss of fruit in the EFB. The fruit is then heated by roasting in ovens or an
indirectly rolling chamber called a "frying roller".

Figure 11 --- Small thresher made from 55 gallon drums (2) Note that the EFB is broken apart and
passes through the slots.
There are a number of companies that build small, dry process package plants.

Figure 12 --- Packaged dry process palm oil plant by Great Agro, Thailand

(9)

If the does not include the separation of the nut from the fiber, then the nut gets crushed and
the shell ends up in the press cake. The question as to what this might do to the usefulness of
the press cake as an animal feed needs to be questioned.

4.2 Byproducts (12, 13)
If Hawaii intends to keep a viable cattle industry here we need to start producing our own animal feeds.
Byproducts of palm oil extraction show varying degrees of potential. None of the byproducts described
below are complete feeds, but rather supplementals.

Copious amounts of information are available in the online literature on the use of palm oil mill
byproducts as fertilizer and animal feeds. This is an area that needs to be reviewed by someone
knowledgeable in the field of livestock production. My impression is that byproducts will have a positive
effect on the overall economics.
The moisture and oil content of these byproducts means that they need to be used quickly or they will go
rancid. Drying and pelletizing may be required to make a commercial product.
4.2.1 Palm kernel cake (PKC)
Contains about 20% crude protein. Grittiness may cause problems. Used for cattle, pigs, poultry.
4.2.2 Oil rich fibrous residue (ORFR)
Can be used up to 40% of a ruminant diet. High oil content.
4.2.3 Dehydrated palm oil mill effluent (POME)
Reported to be a suitable cattle feed supplement. May not be economical to supply the energy
to dehydrate it.
4.2.4 Whole fresh palm fruit (WFPF)
A good, nearly complete pig feed. Might be a small cash source while trees are young and not
producing fully mature fruit or insufficient quantity to merit oil extraction.
4.2.5 Fronds
(15)
Fronds can be used as roughage at levels up to 30% in dairy cattle and 50% in beef cattle .
A cautionary note: If the entire fruit is first milled or pressed so that the nut is crushed, the shell
ends up in the press cake. The question as to whether or not the cake can then be used as an
animal feed needs to be investigated.

Figure 13 --- Crushed (hammer mill) whole palm fruit

5 Small Holder (+/- 25 acres) Economics
Let's look at the economics from the standpoint of a small farmer with about a 25 acre plantation. This is how
much of the oil palm is grown in S.E. Asia. This is a size that can be managed by a family group, and may serve as a
model for limited oil palm agriculture in Hawaii. I present the venture in two ways. First, as a new business in

which the farmer has to lease the land, prepare it, purchase the farm equipment, and pay for agricultural labor.
The second approach is to assume the farmer already owns the land, much of the farm machinery, and will use
family members as labor.
In order to simplify things and keep the analysis to the agricultural aspects and not the palm oil extraction, I have
assumed that the grower will simply sell the fresh fruit bunches (FFB) to a cooperative palm oil mill (perhaps Pacific
Biodiesel). I show what the value of the contained oil is based on the $/ton of FFB. At this point I can only guess
what the cost of extracting the oil from the FFB will be (perhaps $.50 - $1.00/gallon). There is some published data
on the relationship between the price of the FFB and the price of crude Palm Oil (CPO) in S.E. Asia, and that is in
the range of 26 to 29%.
The gross revenue estimate is based on $280/ton of FFB which roughly corresponds to a future $5.00/gallon CPO
price that includes a $.75/gallon extraction cost. It does not include the cost of transesterfication or conversion to
a true biodiesel. The $5.00/gallon estimate may be realistic 6 to 7 years out as the price of petroleum continues to
rise. Moreover, it may be feasible to sell CPO to HECO/HELCO as a power boiler fuel without converting it to
biodiesel.
Labor is the Achilles' heel of this crop. Harvesting is very labor-intensive and has not been successfully
mechanized. The 1 worker per 25 acres (to do maintenance and harvesting) is at the optimistic end of the range of
labor data I have found. $14/hour - all up for a semi-skilled farm laborer seems in the ballpark. Imported labor
may be a consideration.
The economics of small-scale extraction will be covered separately.

5.1 Farming Cost Comparison - new venture vs. established farm
Because of the expected standard of living and the cost of labor the economics of such small plantings are
problematic unless the land is already owned, prepared and the value of the labor is considered a return
to the family. In such a case, many of the costs as compared with a startup farm with contract labor can
be neglected and the business will appear to be marginally profitable.

Profit and Loss @ 100% production =200
TPY FFB
Revenues @ 280 $/ton FFB

New Farming Business

Existing Family Farm

$56,000

$56,000

Capital investment

$72,000

$30,000

Operating costs
Labor
Fertilizer & chemicals
Transport to mill
Fuel
Total operating costs

$28,000
$6,400
$1,800
$2,700
$38,900

$0
$6,400
$1,800
$2,700
$11,700

General and administrative costs
Repairs & equipment maintenance
Land lease & taxes @ $337/acre-year
Depreciation
Other (insurance, vehicle, office, etc.)
Total G&A expense

$2,200
$8,400
$5,700
$3,500
$19,800

$1,200
$600
$2,200
$3,500
$7,500

Profit before interest and taxes
Table 3 --- Small holder farming costs

($2,700)

$36,800

Even thought the established family farm scenario appears to make a profit, all sorts of costs are left out
of the equation, particularly for the labor by a family member. That profit is not enough to offset the lost
opportunity for that person to more lucrative employment elsewhere.
Moreover, a cash flow analysis shows that the initial investment and ongoing operating costs will never be
recovered even at a zero discount rate. At a more realistic discount rate of say, 5% the situation is even
worse.

5.2 Small-scale Palm Oil Extraction
There are a number of companies that manufacture oil extraction equipment scaled for the small holder.
Shown below in Figure 13 is a set of equipment pieces marketed by TinyTech out of India. A rough
estimate of the total installed cost of such a system in Hawaii is between $50,000 and $100,000. The
actual cost will depend on the degree of sophistication of the process, how much construction labor the
farmer is able to provide at no cost, the existing infrastructure and the permitting requirements imposed.

Figure 14 --- Equipment required for small 'wet process' palm oil mill.

(18)

5.3 Cooperative
The idea of an agricultural cooperative is appealing, but at least on the farming side it may be less
effective than with other crops. The major operating expense is labor, and that is difficult to share out.
There is no large equipment involved that can be spread over a number of farms. The seedling nursery
will almost certainly require some sort of cooperative approach. Combined purchase of fertilizers and
chemicals and fruit bunch trucking to a central mill may also generate some savings.
Economies of scale apply to a palm oil extraction mill, and it makes sense that operation would be
cooperative. Such a plant would have the advantage of including steps for separating out and processing
the palm kernel, producing palm kernel oil and drying and pelletizing animal feeds byproducts. Moreover,

there would be a significant reduction in the onetime costs items such as engineering, purchasing and
permitting.
Conventional wisdom holds that fruit bunches need to be processed within 24 hours of harvesting in
order to arrest the formation of free fatty acids. A cooperative mill is likely to in operation more days
than a single farm mill and would therefore make the harvesting schedule more flexible.
There are a few downsides to a central palm oil mill. The opportunity to return process wastewater and
empty fruit bunches to the field may be lost. The independence of the individual farmer is reduced in
terms of being able to the crop into biodiesel.
One of the first activities that a coop should consider is that of starting a palm nursery. It will take a
couple of months to purchase and import the seed and the 18+ months to grow the seed out to field
planting size.

5.3.1 Pacific Biodiesel's Keaau Oil Seed Mill
Pacific Biodiesel/Big Island Biodiesel is in the process of constructing an oil seed crushing mill at the
Shipman Industrial Park in Keaau, HI. It is to have a capacity of about 20 tons/day of throughput and is
scheduled for completion in 2013.
While the design of the plant is geared towards oil seed such as canola, sunflower, etc., it is not ideally
suited for palm oil extraction. Seed is milled and then extruded or double pressed. However, with some
relatively minor modifications and additions (thresher, and cooker) it could probably be made to process
oil palm. Even then the yield would not be optimal as compared to a purpose-built mill.
It will be about one more year (2013) until there is a sufficient quantity of palm fruit is available for smallscale evaluation, and another year (2014) before there is enough to justify pressing it on a commercial
scale.
A rough guess is that the planned mill represents over 80% of the capital investment required to make it
functional for pressing palm fruit. It seems that a modification of this facility represents a logical stopgap
measure until some of the issues surrounding oil palm farming can be sorted out.
There may be an advantage in selling the crude palm oil to PBD in that their biodiesel process is not
sensitive to the free fatty acid content of the raw oil. This relieves the grower of pressure to get the fruit
processed within 24 hours.

6 Risks
While there is little argument about the fact that the State of Hawaii needs to reduce its dependence on
petroleum, in the final analysis the issue revolves around economics.
The price of palm oil is as volatile as the price of petroleum oil, and the two don't necessarily go hand in hand.
Within the last 4 years the price of CPO has varied from a low of $420/MT to a high of $1,260/MT. It is currently
(10/1/2012) at $850/MT.

Figure 15 --- Historical crude palm oil price
The price that crude palm oil can be sold for transesterfication to biodiesel will depend not only on the price of
petroleum but also on the subsidies that the state and federal government underwrite. Currently the local price at
PBD is about $3.50/gallon, which reflects a significant subsidy. Will those subsidies stay in place?

7 Backyard Biodiesel
The independent nature or 'survivalist mentality' that might lead a person to grow oil palm and have a small palm
oil mill on the property just might also lead to the idea of a backyard biodiesel operation to turn the palm oil into
tractor fuel. This is logical and understandable.
Be aware that it is not easy to get a biodiesel plant properly permitted and to comply with the regulations
associated with handling and disposing of the waste glycerin byproduct. The glycerin contains methanol and,
whether you agree or not, it is considered a hazardous waste, and opens up a whole can of worms.

8 Summary and Conclusions
Because oil palm agriculture is very labor intensive and farm labor rates are so high relative to S.E. Asia and Central
America the economics small-holder oil palm cultivation is problematic. A cooperative approach on the agriculture
side will improve the economics only marginally. On the palm oil extraction side cooperation will likely be
necessary.
Intercropping with cattle, cacao or coffee may make the venture profitable.
It will be about two more years before any significant amount of palm fruit will be available for processing. The
Pacific Biodiesel oil crushing mill at Shipman in Keaau represents a stopgap solution until various economic issues
can be resolved.
Because of the lead time in growing field-ready seedlings, one of the first actions that a cooperative would need to
take is to establish a nursery.
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Appendix
U.S. Dollars -> Malaysian Ringgit
U.S. Dollars -> Thai Baht
U.S. Dollars -> Indonesian Rupiah
U.S. Dollars -> Indian Rupee
Crude palm oil price $/MT (10/3/2012)
Crude palm kernel oil price $/MT (10/3/2012)
MT CPO/hectare -> gallons CPO/acre
Hectares -> acres
Heating value of crude palm oil
Heating value of low sulfur fuel oil
Density CPO

3.1
31
9600
52.3
850
1010
120
2.47
37.3 MJ/kg
41.0 MJ/kg
2.47 lbs/gallon

Table 4 --- Useful conversions and numbers (as of 10/2012)

Figure 16 --- Crude palm oil and palm kernel oil price history

