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ABSTRACT

With increasing global demand for vegetable oils foth food and biofuels, the
guestion arises what raw materials are the mostpetitive ones from an economic
standpoint. Due to various policy interventions evable market prices are not a
very reliable indicator for the competitive posrttiof the different oil producing
crops.

Based on data from the international network ofiagtural scientists, advisors and

farmers, called agri benchmark”, the farm level cost of production for differeraw

materials are calculated and compared. The basisttics analysis is the “typical
farm approach”, which is applied in all major crggoducing countries.

The comparison includes soybeans, rapeseed angabit, which globally are the

most important oil crops. However, a global compan has to cope with the fact that

the mentioned crops contain two distinct and highue components: vegetable oll

and vegetable protein. Hence, a cross crop comparisas to come up with a

methodology to allocate cost. In this paper, tHecation of cost of production has

been done according to the value shares of thectwgponents.

The international comparison of raw material protan for vegetable oil yields the

following results:

1. Palm olil is - relative to soybeans and rapeseedhighly competitive crop for
producing vegetable oil. Cost of raw material fareotonne of rapeseed olil is in
the range of 1,000 to 1,200 USD/t as far as Wediemope is concerned; typical
farms in Eastern Europe and Australia have to spenajhly 500 to 700 USD/t.
In soybeans, cost of raw material production vargtween 400 USD/t in
Argentina and Brazil and 800 USD/t in the U.S. Caneg to the results in palm
oil, where the typical plantation exhibits costpsbduction of about 300 USD/t,
these are rather high.

2. This strong economic position of palm oil is notlyowalid under current
framework conditions but also in a high crude aiicp world, which we most
likely will experience in the foreseeable futuréeTmain reason for this is the
high nitrogen productivity of palm oil. While inpaseed one tonne of vegetable
oil requires about 100 kg of nitrogen, in palm tike respective figure is only
about 30 kg/t or 35 percent. The nitrogen cost fweme of raw material for
vegetable oil is about 40 USD/t in palm oil but ab@00 USD/t in rapeseed. In
both crops the share of nitrogen cost is aroundo@@ent. The advantage of
palm oil is primarily caused by the fact that padthas a perennial crop does not
require the annual built-up of vegetative plantusture which then allows the
plant to produce the oil containing fruits. The pikrop which is better in terms
of nitrogen productivity is soybeans because nogmgdis crop does not get
fertilized with nitrogen at all.



3. The only potentially weak strategic feature of walm production is in labor
input. While the typical plantation uses more tHE#0 hours per hectare and
year, the typical arable production involves mueksl than a 10th of that. But
since wage rates are currently very low in courstiige Malaysia, labor cost per
tonne of raw material is just about 25 USD/t whit@jor soybean and rapeseed
producers have to spend about 50 to 100 USD/t aoré . m

4. This comparison is limited to the cost of productimn the farm level. To the
extent that crops compared cause different costanverting the crop to a
vegetable oil this will affect the competitive piosi of the crops.

5. It should be noted that this comparison does nk¢ tato account crop specific
features of the oil produced. To the extent crogcsjic consumer preferences do
occur in the market place, cost of production al@eo longer the only relevant
parameter. In such an environment, market pricesliiferent vegetable oils may
differ and hence cost of production does no lordyére the decision making in
the market.

INTRODUCTION

With increasing global demand for vegetable oils foth food and biofuels, the
guestion arises what raw materials are the mospettive ones from an economic
standpoint.

Furthermore, with higher energy prices expectefiliiare the issue of energy needed
to produce raw materials becomes a crucial positheére a systematic difference
among different crops and production systems in iin@ortance of nitrogen
fertilization, both in quantitative and in econontéems. The lower the nitrogen input
and nitrogen cost, the better the relative positiba crop as a feedstock for biofuels.
This is not only true in terms of cost of produatibut also in the light of various
initiatives to monitor and limit greenhouse gas ssmns from biofuel production.
Production and application of nitrogen fertilizéssby far the most important source
of greenhouse gas emissions in production of feellsas long as land use changes
are not part of the analysis.

Last but not least, due to the high labor inteneitypalm oil production the question
arises, whether this might become a strategic de&s#dge as economies evolve and
labor costs tend to increase.

METHOD

Due to various policy interventions, observable ketiprices are not a very reliable
indicator for the competitive position of the diéat oil producing crops. Therefore a
small sample fronagri benchmark cash crop data will be used.

agri benchmark is a world-wide association of agricultural scistst, advisors and
farmers. Within the framework of this co-operatitarms and agricultural production
systems are defined that are typical for their aegiFor the most important
agricultural products and production regions in Weld, agri benchmark provides
answers to the following questions:

— How is farming done (farming systems, productechnology)?

— What is the level of variable and total productomst?

— What are the reasons for advantages and disadyemin competitiveness?



— What is the future perspective of agriculturabdarction at the locations
considered?

The cash crop branch efri benchmark was established in 2004, it is currently
active in 24 countries — including the most dynawmc important ones like Brazil,
Argentina, U.S. and Canada or Ukraine. Initiallge tnetwork was focusing on
globally traded commodities such as corn, wheaogbeans and rapeseed. Based on
a partnership with MOPB, in 2009 the first stepiplm oil analysis took place; a
further expansion into sugar cane is foreseen.
Members of the global network once a year meet aorderence to discuss results,
prepare joint Cash Crop Reports and decide ondubwojects of the network. The
overhead costs at thagri benchmark co-ordination center are financed through
sponsoring from agribusiness companies and institat partners and joint research
projects.
Although agri benchmark provides advice to policy-makers and actors inghgre
supply chainagri benchmark is not supposed to judge (in the sense of ‘good’ a
‘bad’) or to design policies. Rathegri benchmark aims to understand the dynamics
of farms, to project their future and to create Wwiealge to help to validate farm
policy, technology and management strategies. iy, agri benchmark can be
seen as a navigation system in the rapidly changjolgal agricultural sector.
For each location, models of typical farms are l@gthed by the national partners
and analyzed using internationally harmonized mashoThe application of
harmonized methods is essential because otheirexigata sets — if there are any
— show significant differences from country to ctyn They are based on a
heterogeneous methodology; the depth and the breddiata sets is limited (no
physical figures about production systems and sitghand very often up-to-date
figures are not available (Isermeyer, 1988).
But even with detailed cost of production for odde and palm oil (fresh fruit
bunches) there is still the issue of (a) differeiitcontent and (b) different value
shares for the oil content relative to the othgredients of raw products. The most
important by-product in all three products is pmotevhich is used as feed and/or as
fertilizer. For palm oil, also the heating valueavhpty fruit bunches has to be taken
into account.

The aim is to identify cost of the agricultural ramaterial production per tonne of

vegetable oil. This will be achieved by the followgisteps:

1. Calculating the vegetable oil production per hegtéwased on the oil content of
the agricultural raw products. In soybeans 18 pdgrag the commodity is
assumed to be the average oil content, in rape42qubrcent and in palm oil
22 percent.

2. The next step is to allocate the cost of agricaltproduction to the vegetable oil
output from the oil crops. Here, value shares effthal outputs vegetable oil and
protein meal have been used. A respective anabydmsstorical data reveals that
about 80 percent of the total value of rapeseedpeffent of soybeans and
90 percent of palm oil stems from the oil contefrthe crops.

3. When calculating the importance of nitrogen anditabput, the same approach
has been used to allocate respective cost andigesnt



COST OF PRODUCTION FOR RAW MATERIAL

The analysis of cost of production starts with akdting the oil yield per hectare of

the different crops. In figure 1 the respectiveuesl can be seen. The figure should

read like this: the first letters in the farm caddicate the country in which the farm

is located, the figure shows the total acreagearahd the last letter indicates the

region in the respective country. Farms with aersskt are top performing farms and

not typical farms. According to thegri benchmark standard operating procedure (see

agribenchmark.org) these farms are establisheddardo get a flavor about what

cost level is achievable when top management and gtructural conditions are in

place. The term “East” signals Eastern European Asidn farms, EU stands for

European Union while NA is North America and SFsuthern Hemisphere.

The following findings are worth mentioning:

» Palm oil has a very strong stand in this comparisoh t/ha vegetable oil output
compares to 0.5 t/ha in soybeans or 2 t/ha in esguks

* On average, typical Europeagri benchmark farms are much more productive in
rapeseed production than their Australian, Canadiafssian counterparts. While
in Europe, many farms produce about 1.5 t/ha, istralia or Kazakhstan the
respective values are in the range of 0.5 t/ha.

* In global soybean production the oil yield per heetis much lower but also
much more homogeneous. The yields vary betweear@4.7 t/ha.
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Figure 1. Yield vegetable oil (t/ha)

Based on the cost allocation concept defined ab@ve,material costs per tonne of
vegetable oil have been calculated; figure 2 displéhe results. Key findings
including land cost (see yellow bars) are:

* With cost of production of 380 USD/t Palm oil — &tlger with soybean based oil
production of typical farms in Argentina and on thege Brazilian farm — is by
far the cheapest way to produce the raw materrabf@ tonne of vegetable oil.
When judging the results of Argentine farms, keepmind that the Argentine
government is asking for an export tax on soy petsiof about 30 to 35 percent -
depending on the degree of processing. That meansuch an environment,
intensity of production is very low — leading towlocost of production. This



information is especially important given the hit¢gnd prices in Argentina,

because in a free trade environment this implissr@ng economic incentive to
intensify production. When considering the costtleé large Brazilian farm it

should be noted that this farm is located in M&tosso, a region with is rather
far away from the harbor and processing facilitldence, intra-national transport
cost in the range of 50 USD/t has to be borne kefwocessing and export to
international markets is possible.
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Figure 2. Cost of production for raw material foegetable oil (USD/t)

» The second most cost effective group of typicainfans based in the former
Soviet Union, namely in Russia, Kazakhstan and idkrahe cost figure for this
group is about 500 USD/t. What has been said abwutBrazilian farm also
applies for the farms in this group — domestic $@ort cost matter a lot.

» The third group consists of other not yet mentiosegbean producers in the U.S.
and in South Africa — they have to spend about880/t in order to produce raw
material for one tonne of vegetable oil.

* Finally, the majority of Europearagri benchmark rapeseed producers are
spending about 1,000 to 1,200 USD/t in order tadpee raw material for one
tonne of vegetable oil.

Figure 2 also contains a value called “raw matecadt without land cost.” The

reason for this is, that especially in the EU, farsnreceive significant amounts of

decoupled government payments. Depending on thiemethese payments vary

between 150 and 400 USD/ha. Since these paymaritse iend, result in higher land

rents, cost of production in Europe is inflatedohder to get an understanding about
the “real” cost of production, respective valuege(sdark red bars) have been
calculated. The key messages from this exercise are

* In general, the gap between high costs in Europe the rest of the world
narrows. For instance, cost of production for faim&rance, Sweden, Denmark
or Germany is reduced by 200 to almost 400 USDiitetwween 20 and 40 percent.
Operating cost of production is in the range of 8@D/t which is the same level
as the small Brazilian farm or the one in Southcsir

* However, without land cost, the ranking of cropd eggions does not change.

* Palm oil production at MY1280 is not that much degent on land cost, but still
on a per-tonne basis the reduction is 50 USD/boual5 percent.



In order to get a better understanding about kay fe@tors at the different locations,

figure 3 contains a break down in relative terms.
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Figure 3. Structure of cost of production raw méiefor vegetable oil

Most remarkable is the fact that palm oil productiat the typical plantation

MY1280PHG is primarily driven by direct cost suchfartilizers and plant protection
cost. Land cost only accounts for roughly 15 pet.ca&nthe other end of the spectrum
there are South American farms in Argentina on Wwhoaly about 30 percent of all

costs are spent on direct cost. These two farmsgettier with the US700 farm,
UK255 and CN5XI — very much rely on contractor ihplihe share of spending for
contractors is in the range of 20 to 30 percent.

IMPACT OF NITROGEN FERTILIZATION

As demonstrated in figure 4, the intensity of rgea application differs dramatically

between different crops. The following findings arest important:

* Because soybeans are a leguminous crop, therenslewvant nitrogen input and
consequently, the share in total cost is neglegabéven zero.

» In terms of cost for nitrogen input per tonne ofvnaroduct, palm oil is the next
best crop — only 30 kg are needed. However, duety high nitrogen prices in
2008 and very low total cost the share of nitrogest for MY1280 is relatively
high (app. 10 percent).

» The only oil production systems which are at thmedevel as palm oil aragri
benchmark farms in Canada and Kazakhstan, which producesesge

* In general, rapeseed based oil production is ve@gnsive as far as nitrogen input
is concerned. About 100 kg/t are needed — the sifanérogen cost in total cost
fluctuates between a little less than 10 percedtumto 20 percent.

* With regard to the productivity of nitrogen inptihe results for the two German
and the Danish farms are worth to note, because tineee farms have the highest
oil production per hectare among all rapeseed miadufarms (see figure 1) but
nitrogen input per tonne of vegetable oil is thedst.

From these findings it can be concluded that palmisonot as competitive as

soybeans in terms of dependency on nitrogen inpdit fbuch better than most

locations and production systems for rapeseed ptiatu
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Figure 4. Nitrogen input for raw material produatidor vegetable oil

IMPACT OF LABOR COST

Since palm oil production — or to be more precidearvest of fresh fruit bunches is
very labor intensive, the question arises, to wikegree palm oil production is
vulnerable with regard to increasing labor costeréfore a calculation of labor cost
per tonne of raw material has been done. Furtherrier share of labor cost in total
cost was calculated (see figure 5).
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Figure 5. Labor input for raw material productioarfvegetable oil

Regarding the importance of labor cost, the folloyviresults are worthwhile to
mention:

Except for outliers in China and France, labor ¢hstuate between 25 USD and
150 USD. Zero values for the Argentine farms are tuthe fact that they totally

rely on contract work. Since contractor cost inelldbor cost, machinery and
diesel cost it is impossible to identify the lalmst share in it. Because contract



work is very important in the small UK farm (UK25B8Eas well as for US7001A
labor cost values for these farms has to be treaithdsome care.

The share of labor cost in total cost can be asdevless than 5 percent in the
Romanian farm and almost roughly 20 percent forRtench, the Swedish or the
larger UK farm.

The extreme high value for the Chinese farm is edusy the extreme high labor
input: every single plant is pre-grown in a nursengl transplanted by hand. On a
per hectare basis, labor input would be more th@@Qlh. Due to low opportunity
cost for family labor input (0.5 USD/h) labor cqstr hectare is still reasonable
but very high.

Surprisingly, due to very low labor cost per hoid(USD/h) labor cost for the
palm oil production is very low (25 USD/t) and evée share in total cost is only
about 7.5 percent. This is higher than what iszedlby the farms in Kazakhstan,
Russia and Romania but still very competitive iis gample.

CONCLUSIONS

. To the extent crop specific consumer preferencesator in the market place,
cost of production alone is no longer the only vaté parameter. In such an
environment, market prices for different vegetabils may differ permanently
and hence cost of production alone does no longee the decision making in
the market.

. This comparison is limited to the cost of productiat the farm level. To the
extent that crops compared cause different costgomverting the crop to
vegetable oil, this will affect the competitive gas of the crops. The future
expansion ofagri benchmark analysis into processing will generate new results
on this issue.

. A cost of raw material production per tonne of e oil is in the range of
1,000 to 1,200 USD/t as far as Western Europe mcamed; typical farms in
Eastern Europe and Australia have to spend roug§bly to 700 USD/t. In
soybeans respective costs vary between 400 USDArgentina and Brazil and
800 USD/t in the U.S. Compared to the results impail, where the typical
plantation exhibits cost of production of about 388D/t the majority of other
crops and production system are rather expensive.

. This strong economic position of palm oil is notlyorvalid under current
framework conditions but also in a high crude aice@ world, which we most
likely will experience in the foreseeable futuréheTmain reason for this is the
high nitrogen productivity of palm oil. While in paseed one tonne of vegetable
oil requires about 100 kg of nitrogen, in palm thie respective figure is only
about 25 kg/t or 25 percent. With regard to greesbkogas balances, this result
puts palm oil production into relatively strong fiv® position. The nitrogen cost
per tonne of raw material for vegetable oil is a@USD/t in palm oil but about
100 USD/t in rapeseed. In both crops the share iwbgen cost is around
10 percent.

. The only potentially weak strategic feature of padih production is in labor
input. While the typical plantation uses more td&0 hours per hectare and year,
the typical arable production only involves lesarita 10th of that. But since wage
rates are currently very low in countries like Malia, labor cost per tonne of raw
material is just about 25 USD/t while major soybead rapeseed producers have
to spend about 50 to 100 USD/t and more.
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