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Summary

Biodiesd can be manufactured as a high quality fuel for compression ignition
engines and is widely accepted, paticularly when blended into conventiona
diese fuel, when produced to specifications aready established in Europe and
North America It has a lower energy content than conventiond diesd and a
volumetric fuel consumption increase of about 6% with biodiesd is typical of
reported data.

Biodiesd consists of the mehyl eders of the faty acid components of the
trigly cerides tha make up most animdl fats and vegaable alls. It is produced by
transesterification, in which the fatsioils are reacted with methand to form the
biodiesd methyl estersand dyceral, the latter being sold as aby product.

Commercia biodiesel produdion technology is available with plants of up to
100,000 tonnes per year having being congructed. The process techndogy is
well understood athough thee are some variants on the technologies used.
Although this technology continues toevolve yiedsof biodiesd are already near
theoretical limits. Technology for the pretrestment of fas and oils end the
purification of the methy| este's and glycerd is well established and commonly
used outside thebiodiesd industry.

It is possible to use either talow or vegetable oil in some commercial plant but
not in others the principal limitation being the different pre-trestment
requirements of tallow and oil. The central transesterification proaess is unlikely
to be acondraint in interchangeability with modern two seage plarts, particularly
when converting vegetable oilsin aplant designed to process tallow.

The full capitd cost of a feedstock cgpacity of 70,000 tonne per year is likely to
oost $20-30 million.  About 120,000 tonnes of tallow are exported from New
Zedland annually and acould be used asfeedstock. The unit capital cost of smaller
plants, with capacities less than 10,000 tonnes per year, and the cgpability to be
associated with sources of tallow or al production, are likdy to be 2 to 4 times

higher.

Prices of the principa biodiesd feedstocks, tdlow and methanol, fluctuate
dgnificantly, as does tha of byprodua gyceol and the conventiona diesd fud,
which will be the refaence price for biodiesel produced. These marke price
fluctuations are generaly not inter-relaed, although there may be some wesk link
between those of talow and gycerd, and have a major influence of the likely
profitability of a biodesel plant. Glycerol prices can be impacted by the
production of biodiesel as the volumes involved a high in relation to the existing
market.

Capital costs are not sufficiently well defined to estalish alink between cogts and
product quality/price, dthough costs of pre-treatment/purification is less than the



uncertainty in capita costs expressed above Upgading of gycerol to obtain
higher prices is commonplace athough not dways economic, paticularly with
smaller plants and low prevailing gy aerol prices.

Talow comprises about 80% of the gross cost of production of biodiesd
(excluding gly cerol byprodud saes). Thevaiation in thetdlow cost component
during the 1990's was greate than the more predictable capita and operating
oosts, which comprised less than 15% of the goss cost of production.

During the period 1992 to 2000 the ne cost of biodiesel productionfrom tdlow in
alarge plant, includingincomefrom dy cerol, would hav e been si gnificantly more
than theprice of conventional diesel in each year, except only in 2000, and would
have averaged about 52 cents per litre. The high cost of vegetable oils likely
would pushthebiodiesal cost to over $1.00 per litre. Costs in asmdl plant would
be about 10 cents per litre higher than the tallow cost, although, when usingwaste
oookingoil, thisadditional cos would be lar gely offset by the cheaper feedsock.

Biodiesd is generaly reported as being morecostly than conventiond diesd fue,
dthough it is not infrequently quoted as being competitive, as it will be if
prevailing fluctuations in feedstock/product prices are favourable. Using the
dstribution of these prices over the last twenty years, less than 5% of cogs
benefit analy ses based on fixed prices over the prgect life will show a positive
result in produdng biodiesd. If the feedstock/produd pricesare varied each year,
a will be the case in redlity, biodiesd production will always be more expensive
than conventional diesel. This differentia is about 25 cents per litre or 27 cents
per litreif the additiona 6% fuel consumption with biodiesdl is included in the
caculation.

Future advances in production technology, yields and capita cods will have a

limited impact on closng the differential as yields are aready hich and capita
oosts compriseonly asmal pat of thetota costs of biodiesd production.

The impending carbon tax aedit of $25 per tonne of carbon dioxide will
oontribute about 6 centsper litreto this diffeentiad. Smilaly, a further 12 cents
per litrecould be taken from the diff erential if the estimated reduction of pdlution
oosts arising from biodesel use wereto befectored into fud prices Virtudly all
of thetaxation on diesd vehide use is raised through Road User Charges, which
may beimpractical to adjust tofavour biodiesel, particularly when used in ablend
with conventiona diesd.

To be competitive with conventiona diesel, biodiesel will require more than the
oombined assigance of carbon tax aedits and the cost savings resulting from
reduced diesel emissions to meke it competitive with conventional diesel, unless
the price of crude oil is maintained & prices significantly higher than hisorica
averages
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Glossary
C Carbon
CFPP Cold Filter Plugging Paint (messure of low temperature waxingin di esel)
CO, Carbondioxide
%c Temperature Degrees Centigrade
EECA Energy Efficiency and Conservation Authority
FFA Free Fatty Acids
H Hy drogen
LFTB Liquid Fuels Trust Boad, New Zeadand
ME Mehy| Ester
MED Minigry of Economic Development, New Zealand
MTBE Mehy| Tertiary Buty| Ether
MW M olecular Wei ght
O Oxy gen
OPEC Organisaion of Petroleum Exporting Countries
RR R” Hy drocabon Componets of Featy Adds
AV Particulae M atter
PPI Produce's Pricelndex
USA/US United Sates of America
USEPA Environmenta Protection Agency, USA

USs$

United Sates dollar



1Product Chemistry
11 Tallow and Vegetable Oils
The common animal fas and als and many of thosefrom vegetabl esources are esers of

saturated and unsaturded monocarboxylic ecids with the trihydric acohol glyceride.
Such esters aretermed trigy caides and havethe following generd chemicd formula:

Triglyceride Fatty (Monocar boxylic) Acids
CH2-O-CO-R H-O-CO-R
CIZH- O-CO-R H-O-CO-R’
CIHZ-O-CO-R” H-O-CO-R”

Glyceride Component Fatty Aad Component

R, R" and R’ are the hydrocarbon goups from the monocarboxylic acids (commonly
referred to as long chain fatty acids) and are of the form CH4(CH>),+ for saurated groups
(those without double bonds). Nearly al thefatty aads in the gly cerides a e unbranched
and have an even number of carbon aoms dthough branched chain acids are present in
amall amounts. Saturaed acids (those without double bonds in the hy drocarbon chain)
with 4 to 26 carbon atoms have been found infats and oils but thoseoccurring in geatest
guantity are lauric acid (12 carbon atoms), my giric acid (14 carbon atoms), pamitic (16
carbon aoms) and stearic acid (18 carbon atoms). Unsaturated acids rangefrom 10to 24
carbon aoms with the most important beingoleic aid, lindeic add and linolenic acid,
dl with 18 carbon atoms and having respectively one, two and three double bonds in the
hy drocarbon chains.

Talow consistsmainly of trigly cerides containing f atty acidswith 16 or 18 carbon atoms,
the principal components being approximatdy: mystiric (3%), pdmitic (22%), stearic
(26%), oleic (40%), linoleic (1%) and linolenic (1%) acids, with the remainder being
made up of a cormplex range of isomers. Vegetable seed oils contain rdatively larger
amounts of the unsaturated components, in the orde of 70% to 90%, depending on the

plant vaiety (1).

As a general principle, trigy cerides containing more saturaed acid components have a
higher mdting point than those with similar chain lengths and more unsaurated
components. Thusthemeltingpoint of tallow (45 to 55°C) is highe than most seed oils.
Talow’s viscogty and melting point aso is much higher than diesel fud (cloud point

below 0°C) as its molecular we ght of about 890 is much greater than that of diesel (about
270).



Raw tdlow oonsists of over 95% trigycerides the remainder being made up
predominantly of free fatty adds with lesse amounts of water and unsgponifiable and
insoluble components. The freefatty acids are largely removed prior to theprocessing of
tallow tobiodiesel. Vegetableoils must be pretrested to remove gummy meaterials, which
aemore likely to formin oils becauseof their more highly unsaturaed nature.

12 Chemistry of Biodiesel

Biodiesd consists of the mehyl esters of the faty acids contained in the tallow or
vegetable oil trigycerides. It has a high ceane number, good lubricity properties, an
energy content comparable to convertiona minera diesd fuels and is easily mixad with
its conventiond counterpart. The mdecular weights of the methyl esers are simlar to
diesd fuels, m&king their trangport properties and melting points siperior to the fas and
als from which they were deived. Technicaly, biodiesd can be consdered a good
quality component for mixing into desel fud, usudly a concentrations of up to 20%,
providedit is produced to adequate quality specifications.

The most common means of manufaduring biodiesd is the process of transesterification
whereby the talow or vegetable oil trigly ceride is reacted with methanol in the presence
of acatdyst toformthefatty acid methyl estes:

CH,-O-CO-R CH,-OH CH;-O-CO-R
I I
CH-O-CO-R* + 3CHz;OH = CH-OH + CH;-O-CO-R’
I I
CH,-O-CO-R” CH,-OH CH;-O-CO-R”
Bi odi esd
Triglyceride Methand Glycerol Fatty Aad Methyl Esters
MW: 890 MW: 96 M W: 92 MW: 894

Average: 298 pa moleaule

For simplicity, the mdecular wei ghts shown above have been calcul ated for stearic acid
esters only and illustrae that, under ideal circumstances, virtualy the same weaght of
methy| esters will be produced from the trigy ceride feedstock. Glycerol (alternatively
known as dycerine) is a byproduct produced in significant quantities from the
transesterification process.

Howeve, thereaction is an equilibriumreaction, in that it will not proceed to completion,
leaving traces of the feed triglyceride and methanol in the product. However, conversion
of triglycerides to mehyl eders can be inaeased by inaeasing the concentration of
methand and decreasing that ot dgycerol in the reaction mix. Also mono- and di-
dycerides in theform



CH,-OH CH,-OH
éH-OH CI:H-O-CO-R’
(|31-|2-O-CO-R” CIIHZ-O-CO-R”
Monoglyceride Digyceride

can be produced due to partid reaction of thetrigly cerides and methanol. These factors
ae signficant in the production process design and in the quality and necessary
purification of the fina produds.

2 Production of Biodiesd

The transesterification process consists of four principa seps:

Pretreatment of the tdlow or oil feedstock to remove components that will be
detrimental to subsequent processing steps. These are somewha different for
talow and vegetable als, the forma removing free fatty acids and the latter
gummy materids.

Transederification, where the pretregted trigly cerides are reacted with methanol
to form the rav methyl estes and glycerd. Theae are two basic steps: the
reaction process followed by sgaration of the methyl eter and gycerol streams.
In mog technologies these two seps ae undertaken twice to push the
transesterification closa to completion by reducing the concentration of dycerol
in the second stage. Thereaction is dso pushed closer to completion by usng an
excess of methanol. Processes are generaly designed to a high level of
oonversion, and methyl eser purity (>98%), as lower conversion rates result in
increased levels of mono- and di-dgycerides, causing processing problems with
emulsion formaion and low temperature hazing problems with the biodiesd itself
& these compounds have hicher melting paints (and viscosity) than the methyl
ester (2,3).

Mehyl ester purification, which removes the exaess methanol, catayst and
dycerol carried from the transesterfication process. Methand removed is
recy cled to thetransederification process.

Glycerd purification, removing methanol for recyding to the transesterification
process. Furthe impurities, such as catayst, tallow and methy| eder, are carried
in the dycerol and may be removed to produce a higher grade of glycerol if
economics dictae.

The catdy s used in the transesterification process is usually either sodium hy droxide or
potassium hy droxide and is mixed with part of the methanol feed into the reaction vessd.
After reaction and separation is complete, the catay s is carried in the dycerol stream
and, as part of the gy cerol treaament, is neutralised by an acid. Typicaly hydrochloric or



sulphuric acids are used, producing sdts such as sodium chloride or potassium sulphate,
the latter can besold asafertiliser.

The transesterification process can be undertaken usng simple equipment and biodi esel
is manufactured on asmall scde by enthusiagts for the fuel, using bucketsamongs other
paraphanaia However, to produce the fuel on a ommerad basis, more sophigicated
oonditions are required to mest congstent quality requirements for the large volumes
involved and toimprove yieldsand rates of reaction. A number of process configurations
ae used with the principal dternatives being batch and continuous processes and high
and low pressure sygems. Generdly, the more modern systems favour lower pressures
becauseof the atendant lower plant costs and continuous processes are used in thel ar ger
and newer plant athough some companies prefer batch systems (4). Plants have been
built with capadties up to 100,000 tonnes per annum.

As the transederification process is common for both tallow and vegetable oils it is
possible to interchange the feedstock in maost types of plant, provided that acoount is
made for the higher melting point of tallow. However, a Snge stage process desi gned
for vegetable oils may not be able to produce a biodese with sufficiently low CFPP as
the mono- and di-gly cerides produced from talow usually will have higher melting
points than therr vegetable oil counterparts. Two-sage transesterification, which gppears
to be the norm in most moden plant, will generally reduce the talow mono- and di-
dy cerides to acceptable levels (3).

The requirements for pretreating talow and vegetable als for  subsequent
transesterification are different. The emphasis of the former is on the ranova of free
fatty adds and the latter on the degumming of the oil because of its relatively high
oontent of unsauraed material and resultant lower oxidation stability. Processes used for
each of these treatments are diff erent and plant designed for one feedstodk may not be
ale to satisfadorily treat the ather. For eample, the plant built by Oelmuehle L eer
Connemann GmmbH in Germany is designed specificaly for vegaable oils and cannot
process untreated talow, whereas the plant built by Energea of Austriais designed for
both types of feedstock. Thepre-tredament technologies are well understood. Smilarly,
the proaesses used for the purification of the methy| esers and the gycerd products are
well known outside thefud processing indugtry. Upgradingof gycerol iscommonplace
to achieve highe quality levelsand enhanced prices.

Used cooking ail can be used as a biodiesel feedstodk but the pretreatment requirements

will be more onerous than raw oil because of the high incidence of oxidation and
poly merisation produds. Agdn, there is established techndogy to prereat thistype of
feedstodk.

With the establishment of specifications for biodiesel in Europe and North America,

product quality is not necessaily anissue a new plant being built can be designed to
meet these spedfications, based on experience in thedesignand operation of commercia

plant, paticulaly in Europe.
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Bhanol (C,HsOH) can be used in place of methanol as a feedsock but is nd used
commercially as it is generally more expensive. The biodiesel esters produced from
ehanol will be ethyl esters raher than methy| esters and will have somewhat different
phy sical properties as the molecular wel ghts are about 5% higher, for example visoosities
aeabout 7% higher than their methy| analogues. Generally, the dissimilaities beween
processing with methanol and ethand are relatively minor, the maor difference being in
the alcohol recovery stegp whee ethanol will form an azeotrope with free water. Overdll
the quality of ehyl esters will be lower than methyl esers as the reaction rate is slower
with ethanol resulting in a somewha lower level of conversion and higher levels of
mono- and di- dycerides and dso glycerol inthefind product (5).

3 Costsof Production

The primary influences on thecost of manufacture of biodiesel are as fol lows:

» Capita and opeating costs of the plant, including the processing plant, savices,
cataly st, feedsock and produd storage and buildings.

» Feedstock used in the process talow, vegetable or waste ail, and alcohol, most
typicaly methanol.

* The dycerol byprodud, which provides a secondary revenue sream to the
biodiesd produced or acts as an offset against the unit cost of biodiese

production.

* Theyieds and quality of the biodiesd and gy cerol produced from the tallow/ail
and methanol inputs.

Although the price of conventional diesd fud is not a direct component of the cost of

biodiesd production, it provides the basdine agpinst which the cost of biodiesd
production mud be compared. Fromthe pergpective of the biodiesel producer, the price

received for its biodiesed output will mog likely bear a close relationship, if not
equivalence to the price of diesd and theefore will be a direct influence on the
profitability of theproducer’s gperation.

When reviewing the cost of biodiese produdion, it quickly becomes apparent thet it is
difficult to typify this cog asits components, natebly the principal feedsocks and the
byproduct dycerol, are subjed to considerable and unrelated market price fluctuations.
Also, the cost of conventiona diesel fuel, which is directly related to theprice of crude
al, is subject to similar fluctuations, cresting uncertainty in targets for biodiesd
production costs. For this reason, thecost study undertakenin this sudy concentraes on
risk analy sis and the price fluduationsinherent in thefeedstock and produd markes.
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3.1 Capital Casts

The only published estimates of detailed biodiesel production costsin New Zealand were
produced by the Liquid Fuels Trust Board in 1983. Thesewere agjusted by Barry Judd
6), in his report for EECA onthe production of biodiesel from talow, using time based
oost indices provided by the New Zedand staigtics services. M og estimates of unit costs
of production of biodesel avalable in the literaure include unspecified costs of
feedstodk and therefore givelittle or no insidht into the capital and operating costsof the
plant itsalf.

Energeg the Austrian company building the biodiesel from tallow plant in Western
Austraia, have providal cost data (7). However, this company supplies the processing
plant only, which is provided in modular form, and leaves the provision of tankage,
services, infrastructureand buildings to its clients.

Table 1

Energea: Capital Costs of Modular Processng Rant

Capacity tonnes'year [Euro million
20,000 3.8
40,000 43
60,000 5.1

In Table 2 these costs have been converted to New Zealand dollars and adjusted to a
70,000 tonne per annum plant capacity, using the scaing factor implicit in the Energea
data, for compaison with the LFTB data updated from 1983to a 2002 basis. Becausethe
Energea equipment is supplied in modular form, the associated costs for instdlation,
pipework and instrumentation used in the LFTB cd culations have been scaled back as
have the engineering and unalocated costs because of the geater degree of certainty in
design.
Table 2

Full Rant Costs: LFTB and Energea

LFTB 1983 LFTB 2002 Energea

Process Plant 34 7.2 10.9
Part ingall ation, pipina, ingrumentati of 24 5.2 1.6
Pant buildings 0.2 0.5 0.5
Storage 16 3.4 3.4
Services 13 2.9 1.7
Civil Works 11 2.4 2.4
Spares 03 0.6 0.6
Unall ocated 15 3.2 15
Contingency 10 2.2 2.2
Eng neering 45 9.7 5.0

17.5 37.2 29.7
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Theindex usedto scalethe LFT B cogs from 1983 to 2002 isthe Capita Goods Index, dl
goups, betwean 1990 and 2002 and the Cepita Expenditure Index, food and drinks
processing group between 1983 and 1990. These comparisons and the assumptions
oontained in them are somewhat arbitrary but they do illustrate tha the process plant
doneislikey to beless than 50% of the whde plant capita cost.

Other points of reference for capital expensesare aoost of NZ$ 3 to4 million for aplant
of a capacity of 30 tonnes pe day dted by Biofuel Systems (4), which is in the same
order but somewhat lower than the Energea aosts for the processing plant and a US cost
of US$0.403 pe US @allon for a 30 million gallon (100,000 tonnes per annum) for full
plant cogs in 1994 (8). The latter equates to a present day cog in the order of $20
million for a 70,000 tonnes per annum plant.

Whilst there is not a great ded of ready informaion available on the full costs of
biodiesd plant, the cost of a 70,000 tonne peryear plant is likely tobein the order of $20
to $30 million. This variation is condderably greate than the difference in costs for the
pre-treatment of tallows and oll, the present day instdled cog of theLFTB pre-trestment
plant being $2.5 million, based on established techndogy .

Snall scale biodiesel plants cgpable of beingallied to a source of tallow or oil such as a
freezingworks or seed oil processingplant may provide logistics advantages in that the
feedstodk can be used & source redudngtransport cossto acentraised processingplant.
The biodiesel produced from such plants could be blended locd ly into the conventiona
desd swpply dchain. Typically, such plants are likely to have a capacity of less than
10,000 tonnes per annum. Their principa drawback is a relatively high capital cost
ocompared to large capecity plants, unit capitd costs in the United States being $0.500 per
litre produced for a 10,000 tonne peryear plant and $0.202 per litre for aplant with ten
times the cgpadty (8). Thisis refleded inthe origna LFTB data (expressed in 2002
dollars) of $0.964/litre for a 4,300 tonne per annum plant and $0.222/litre for 70,000
tonnes capacity (2) and Energea’s cost for the proaessing plant only of $.334/litre for a
20,000 tonne plant and $0.150 for 60,000 tonnes. Produd yields are affected only to a
minor degree with smdler plants, athough there may be higher requirements for sevices
per tonne of methy | ester produced (2).

3.2 Feedstock Requirementsand Product Yields

The yidd of methyl esters from talow and oils will be close to the theoretica
goichiometric limits s is illustrated in Table 3 for the Energea technology and older
technology considered by the LFTB. The Energea data shows theimpact of a high free
fatty acid content in tdlow on the plant, reducing the glycerol yidd and increasing the
need for neutralising acid. The Odmuehle Leer Connamann plant can toleae a
maximum limit of 2% FFA (9), athough New Zedand tallow feedsock can be expected
to haveafreefaty acid content below this level (3).
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Table 3
Feedstock and Yidds

kg/kgbiodies produced

Energea

Stoichiometric| <45% FFA >4.5% FFA LFTB
Oil /Fat 0.995 1.000 1.000 1.067
Methanol 0.119 0.114 0.114 0121
Acid 0.000 0.028 0.035 0.017
Catalyst 0.000 0.030 0.013 0.012
Glycerol 0.114 0.100 0.090 0.097
K2S04 0.031 0.023

Tallow

About 80% of New Zealand' s talow producdion of 150,000 tonnes is exported,
oompeting with talow exports from othea countries such as the USA and
Austraia and with pdm stearins produced in tropical countries. It is used in
margarine, anima feedstocks and for sogp manufacture. Like many export
commodities, its price can vay consderably, depending on agriaultura mark et
upply and demand issues in importing and exporting countries, and generally
follows the price of pdm oils. Recent prices for exported New Zealand tallow
have fluctuated from about $300 pe& tonne two years agp, up to $750 at the
beginning of this year and now sit & $500 (10). The principa grade in New
Zedland has a maximum FFA level of 4%. Published datafrom Aginfo Pty Ltd in
Austrdia, show asimilar fluctuation for ahicher grade of tallow (<1%FFA), with
atime series shown in Figure1. The Austrdian prices, adthough dightly higher
and influenced to a greater extent by the domestic market, do fdlow the same
cgeneral market trends as their New Zedland counteparts and can be used as a
proxy to describe the fluctuations in this country’s export prices.

Methanol

Mehand is one of the mgor commadity chemicas traded internationally and is
used widely as a chemical intermediary and solvent. New Zedand has been a
mgjor regonal exporte from M ethanex's plants in Taranaki but the future of
these plants is uncertain with the dedine of production from the Maui gas field,
the principa feedstock for theplants. M ethanol can be produced from gas oil or
oal and, with the cog of production being the principa driver of profitability,
plants based on cheap sourcesof natura gas ae likely to bethe most competitive.
Like other commodity chemicas, prices of methanol fluctuate considerably,
rangingbetween about US$150 and 250 per tonne suppliedinto Japan, athough a
gike in excess of US$00 pea tonne has been expeienced in the past ten years
(11). With thephasing out of MTBE (which uses methand as a feadstock) from
reformuated gesoline in the USA from the end of 2002, there may be some
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downwad pressure on methanol prices in the short term. The current price of
methand is in the order of U Sb270/tonne in U S and European ports (12). Judd
(6) derived methanol prices over an extended period of time from a M ehanex
report, which are consigent with the data above and reproduced in Figure 1.

Glycerd

Glycerd is produced from a numbe of sources: the oleochemica processing
industry, which produces gycerol as a co-product in the manufadure of esters,
higher dchohols, fatty acids and amines from fats and als; the byprodud of
apmaking; and from sy nthetic manufacture. It is used in avariety of gradesto a
wide range of applicaions, including resins, polyols, food, cosmetics, drugs,
explosives, tobacco, paper meking, adhesives and textiles. It is therdore a
oomplex markeg with many countries having some level of manufatturing
capability although oveal world levds of produdion are not great in the context
of the international chemica indugtry, bdang less than one million tonnes
annudly. Prices have fluctuaed ove U S$1,000 pe tonnein the last two years
(13) and hav e been significantly affeded by the production of biodiesel driven by
low vegetable oil prices (14) in Europe, the resutant oversupply of dycerol
caused a sharp reduction in its price. Thisindicates that prices ae sensitive to
upply, afactor of particular rdevance for biodiesel production as the volumes of
byproduct glycerol are high relative to most other produdion sources. Vdumes
20 produced in New Zedland are unlikely to have any dgnificant impact on
international prices. A se of time based glycerol prices areincluded in Figure 1
(15).

Conventional Diessl Fuel

The price of conventiona diesel fuel can be diredly correlated to crude oil,
dthough the price spread can vary somewha with prevailing conditions. Crude
ol prices are subj ect toa complex range of supply and demand issues, short term
availability, and intemationd politica intevention affeding oil supply and
market uncertanty. New Zedand imports about 10% of its domegtic diese
oconsumption and the mgjority of its crude al requirements, so domestic prices
will closely fdlow regional prices, most particulaly those in Sngapore, the
largest regional oil trading centre. A time series of diesd prices applicable in
New Zedand based on Singapore export prices is included in Figure 1 for
ocomparison with the other feedstodk and byprodud prices involved in the
manufacture of biodiesd (16).
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Figure 1l
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3.3 Cog of Operations

Costs of operations indude: maintenance, services, labour, miscellaneous chemicds such
asthecaayd and neutralisingacid and working capital. Thesewill vary with thetype of
processing plant used and the size of the plant. Individualy, each is a minor part of the
oosts of produdion aswill be shown in Figure 2, so some smplifying assumptions have
been made:

* Miscellaneous chemicals and services are assumed to increase from the LFTB
1983 basis to 2002 in accordance with the Producers Price Index. The mulitiplier
is slightly over 2, which is consistent with increases ove the same peaiod in
industrid gas prices, Seam prices, eectricity and the catalys sodium hy droxide,
which are the principa contributors tothis cost category.

» Labour costs are incressed by movements in the Labour Cost Index, which aso
has slightly more than doubled since 1983.

» Other items such as maintenance areincreased in accordance with the Producers
Price Index. Generdly, details of mantenance costs are nat specified (2) or are
st at aproportion of capital costs (8), so use of PH or the Cgita Cod Index is
gopropriate in this context. Both indices are slightly over 2, compared to a 1983
besis.
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3.4 Product Quality

M odern processing tedhnology is designed to produce biodiesel fuds capable of meeting
o excealing nationa specifications in North America and Europe. In this regect,
biodiesd presents no produd quality concerns, provided tha suitable processing plant is
used. It does have some favourable properties compared to conventional diesel, notably a
relatively high cetane index and a hich degree of lubricity. The former may lead to the
potentid to blend biodiesel with a lower quality conventional diesel, athoudh this
requires further evaluaion (6). Enhanced lubricity is a marketing advantage but its
economic valueis probably relatively small asasmall dosage of fud additive can provide
adequatelubricity to diesd fud (17).

The reported heat content of biodiesd varies between about 4% and 10% (5, 6, 18, 19)
less than conventiond diesel. It is gengally acepted that this will result in a
proportionately higher volumeric fuel consumption, although the US EPA isreported as
suggesting a 20% blend of biodiesdl will reduce fuel economy by 1to 2%, rather than the
proportionate 2% expected for a biodiesel with 10% less heat content than conventiona
diesd (5). A fuel economy of biodiesel of about 6% less than that of conventional diesel
on aperlitre basis would appear to betypica of the ebove daa

Sme benefits may be obtained by upgrading the byproduds from biodiesel production,
particulally gycerol which canhave g gnificantly hicher vaues in its morehighly refined
forms. However, the benefits are not necessarily essy to define due to the economies of
scale, thewidey fluctuating prices of gly cerd and the sensitivity of glycerol pricesto its
avail ability. Glycerol refining plants associaed with biodiesel plants have been closed
down in Austria as dycerol prices deterioraed and the economics of gycerol refining
cgenerally become | ess favourable with smal le biodiesd plants (2,20).

3.5 Unit Costsof Biodiesel Production

Using the feedstock cogtsin Figure 1 and acaital cost of $30 million in 2002 dollas, the
derived unit cogs of biodiesel produced from tallow are shown in Figure 2'. Thexhave
been determined for the feedstock and byproduct prices applying in each year the
caculation has been made. Capitd and operating costs have been adusted by the
gopropriate capital cost, labour cost and producer price indices.

The cog of tallow comprises ebout 80% the overall cost of biodiesd production, with the

overal fluctuation in the tallow cost over this period being greater than the other cost
components combined. Whilg there are significant variations in the methanol price, its

overdl impact on biodiesel cost is relatively minor because of the smaller quantities and
lower prices involved. Smilarly, the impact of variations in the nd catays and
neutralisng acid costswill be virtualy insignificant compared withthetalow costs. The
“fixed” operating and capita costs comprise ebout 15% of the tatal cost.

L All unit costs arebased on a project life of 15 years and a 10% discount rate. All currengy is in New
Zedand dollars and cents urnl ess othewise speci fied.
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Figure 2

GrossUnit Costs of Biodiesdl Production from Tallow
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To assess the competitiveness of hiodiesel production with conventional diesd, the
biodiesd producer’s revenue from sales of the gy cerol by product mus be deducted from
the overal cost of production. ThisisdoneinFigure3, where the net cost of production,
dter deduction of the glycerol credit from the overdl cost of production, is compared to
the average price of diesel imported from Singapore prevailingin theyear of calculation.

Figure 3

Biodiesel Net Cogt of Production Compared to Cost of Conventional Diesd
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From 1992 to 1999, biodiexel was significantly more expensve to produce than
oonventional diesel, primarily because of the low price of cude oil and hence
oonventional diesel over the same period. It was only in 2000 when the aver age price of
diese and glycerol wee a higher levels tha the cost of biodiesel became competitive
with conventiona diesal and aprospective investor in a biodiesel plant, using feedstock
and product prices applying in that year, would find that the project was economically
viable. Smilarly, the cash flow of an existingplant would turn positive.

It has been noted that an increasein fuel consumption of about 6% can be expected when
using biodiesel becauseof its lower energy content. If the biodiesel were to be sold on an
energy equivaence basis with corventional diesel rather than on an equivaent
volumetric basis, the value of biodiesd would be reduced proportionately. The effect of
valuingbiodiesd this way is shown aso in Figure 3.

These unit cog caculations have been done for plant with capecities in the order of
70,000 tonnes per year. Unit capital costs forplant with capacities less than 10,000 tones
ae about 2.5 times greater and services about twice as much, resuiting in unit costs of
biodiesd production about 10 centsper litre higher than thase shown in Figures 2 and 3,
with ove 70% of the increaseattributable to unit capita cogs. This has implications for
Stuating the biodiesel plants adjacent to tallow of ail sources rahe than having alarger
centralised plant in tha the increased cost of production should be more than offset by
savingsin transportingthe feedstock to alarge centrd plant.

A producer of biodiesel from waste cooking oil would most likely face these higher
production cods because of the small volumes of waste ail availeble (6). The cog of
waste cooking oil is in the order of $480 to 520/tonne (4,6), which would result in a
typica net cost of production of about 69 cents/litre aboutthe same on average as those
for the larger tallow plant shown in Figures 2 and 3 because of the lower cost of
feedstodk. Vegetable al is sigificantly more expensive than bothwage oil and talow,
ranging in the order of $900 to $1680 per tonne (4,6), pushing the cogt of biodiesel
production over $1.00 per litreif afeedstock cost of $1000 per tonne is assumed.

This comparison between biodiesel and conventional diesd assumes that no incentives
ae provided to biodiesel producers & they are in some European countries, whee fue
tax exemptions on agriculturdly based diesd fuels are applied, dfectivdy closing the
cap between renewabl eand conventiond diesels.

The fluctuating relativity ove time between biodiesel costs and conventional diesel
prices explains the varying commentay on the cos compditiveness of biodiesdl and the

burgeoning inteest in biodiesd when tallow prices ae low or diesd prices high. Whilst
dther of the extreme comments on the compéeitiveness of biodiesel can be valid,
depending on the market circumstances at the time, neither takes into account the future
variability of prices. Thisisinvestigated in therisk anaysisthat follows.
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3.6 Risk Analyss

A simple risk analysis model is used to investigate the impact of feedstodk and product
price variability on the viability of producing biodiesd from talow. Distribution
functions weredeveloped for the prices of tallow, methanol, gy cerd and diesel usingthe
time seies data contained in Figure 1 and a range of biodiesel production costs
developed. Theanalyss was undertaken in two ways:

* To demonstrae how frequently apostive cost bendit anaysis will occur for the
production of biodiesd. M og anayses of of biodiesel production costs assume
fixed prices (or simply inflated with PPI or similar) for feedstock and products.

Fgure 4 shows the didribution of biodiesel costs of produdion and diesel prices
based on the distribution of talow, methanol, glycerol and diesd prices from

1982 t0 2000 assuming fixed prices over thelife of the project in the cos benefit
anay ses

Figure 4

Distribution of Net B odiesel Costsof Production Assuming Constant
Feedstock/Product Prices over the Plant Life
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The intersection of two lines indicates the incidence of occasions the cal aulated
oosts of produdion will be less than the price received, or a positive net present
value is obtainad from the project invesment. Usng the distribution of prices
over this period, the calculated cost of produdion will be less than the price
receivedin lessthan 5% of cases.
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* To denonstrae the frequency of cods of production unde simulated operating
oonditions. The biodiesel producer will face price fluctuations for feedstock and
product on an ongoing basis Figure 5 shows the digribution of costs of
production when the price of each feedstodk/product is varied according to its
dstribution patern in each year of the cash flow anaysis, dong with the
equival ent valueof conventiona diesd fuel.

Figure5

Distribution of Net Biodiesel Costsof Production With Varying Feedsock/Product
Pricesover the Plant Life
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As the price for each feedstodk/product varies each year the biodiesel plant is in

operation, the average price received for each over the project lifewill be nearer
to their distributed averages and the spread of costs of produdion and diesel

prices narrower than in Figure 4. Hence there is no intasection of the lines
representing biodiesel costs of produdion and the conventiona diesel price This
indicatesthat ina“real” situation, where prices fluctuate continuoudy, a biodiesel
produca’s revenues will not match costs over the project life and a positive net
present value will not be achieved on his investment as each good year of
operationa cashflow will be more than offset by badyears.

In these examples the feedstodk and product prices fluctuae independently of eachother.
The price data suggests there may be awesk link between tallow and dycerol prices,
dthough if these are carrelated thereis little subsequent impact on the distribution curves
produced.
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The risk analysis demonstraes tha, with the range of feedstock and product prices
prevailing over the lag twenty years the lifetime cost of biodiessl production will be
higher than that of diesel and the producer will not achieve a positive net present value on
the investment in the biodiesel plant. However, the analySs does suggest that, when a
oost benefit andysis is being undertaken, based on fixed feadstock/produd prices, costs
of producion will be less than diesd from time to time but only in a rdatively small
number of occasions.

For both of the cases examined, the mean cog of biodiesel production fromtallow was 52
cents pe litre, which compares with an average cos of diesel of 27 cents per litre over
the sameperiod. Clearly, biodi esel production is uneconom ¢ when compaed directly to
the cost of conventional diesd. Thedifference in average costs of 25 cants per litre is
ebout twice tha of the combined capital and operaing cogs, excluding the tallow and
methand feedsocks, of producing biodiesel. By includng the 6% increased fuel
oconsumption with biodiese, this spread will widento 27 cents pe litre, if biodiesd is
valued on its equival ence with conventiona diesel. With already high product yidds and
low capita cods, improvemernts in cgital costs and processtechnaogy will haveonly a
minimal effect of biodiesel’s competitiveness, the parametas having the g eatest impact
being:

e A sudained increaseinthe price of crude oil and hence diesd fuel

* Aredudion in the cost of tallow or oil feedstock

* Achangeinthereativelevel of fuel taxationor charges applied to diesel powered
vehicles

Thefird two paameters largely are out of thecontrd of policy makers, athough insome
European countries, subsidies are avalable on the production of vegetable oils through
land use policies. Incentives for biodiesel use based on diff erentiated fue taxes are
common in Europe to meet the European Union’s tar gets for renewable transport fuels
utilisation.

Under today’s drcumgtances, a diesd price of 27 centsper litre implies a arude oil price
of about US$19 per bard. An oil price of US$25 per barrel, about the midpoint of the
OPEC target price range, resuits in a diesel price of some 37 cents per litre, which, if
sustained over the life of abiodiesel plant, would reduce themargin between diesel price
and costs of biodiesel to 15to 27 cents per litre. However, the current politica situation
in the Middle East has created a great ded of uncertainty over near/medium te'm oil
prices, with high and low pricefuturesequally easy to rationdise.

4 Fuel Taxation
4.1 Fue Carbon Content
Biodiesd has alower carbon content than conventional diesel, dueto its oxy gen content.

Consequently carbon dioxide emissions from biodiesel, meassured & a ratio of fud mass
o volume, are lower than from diesd. However, as the energy content of biodiesel is
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less than diesd, likely carbon dioxide tailpipeemissions fromvehid es will be similar for
both fuds.

Table 4

Carbon Dioxide Emissions from Biodies

kg CO, produced per
kg fuel litre fuel MJ litre diesel displaced**
Diesl 318 270 0.0749 2.70
Animal ME* 2.79 2.46 0.0762 260
V egetable ME* 2.85 251 0.0756 2.66

* Animal ME: Tallowanimal fat methyl ester, Vegetable ME: Vegetable Oil methyl ester
** gsauming volumetric fud consumption increases 6% with biodiesd

If vehicle fuel consumption isassumed to be proportiona tofuel energy content, tailpipe
carbon dioxide emissions will be slightly higher (<2%) with biodiesel than conventional
desel. Howeve, if consumption is assumed to increase only 6%, the enagy content of
animal and vegetable methy| esters being 11.9% and 8.6% less than conventiona diesel
(21), theewill be asligt reduction in carbon dioxide emissions with biodiesdl.

4.2 Potentia Tax Benefits for Biodiesel

Direct taxes in New Zealand on automotive diesd fuel areless than 0.4 cents pe litre,
oonsisting prindpaly of the Local Authority Tax. Revenueraisingfrom desel vehicles
is achieved through the Road User Charges, applied to al diesel vehicles according to

their weight and whed configuration. These charges do not differentiate between
biodiesd and conventional diesel fuds and it is probably impractical to adjust them in
favour of biodiesdl, particularly when used in a blend with conventiona diesdl.
Howeve, there are several potentid avenues for closing the ggp between hiofuels
production cogts and the cos of conventional diesel :

e Carbon Tax Credit. Itisantidpated tha biodiesd will be digiblefor the credit to
be applied in advance of the impending carbon tax on fuels and subsequently be
exempt from the carbon tax. Thistax and the preceding credit will be capped at
the rate of $25 per tonne of carbon dioxde produced from the fue. The
anticipaed valueto biodiesd of this credit isshown in Tableb.
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Table 5

Value of Carbon Tax Credit on Biodiesd

Carbon Credit * cent per
kg fuel litre fud litre diesdl di splaced* *
Dies#d 7.95 6.76
Animal ME 6.98 6.14 6.51
Vegetable ME 7.13 6.28 6.65

* assumng a $25 pe tonnecradit on carbon dioxide produced
** assuming volumetric fuel consunption increases 6% with biodiesel

The effective value to a biodiesel producer of the carbon credit is about 6 to 7
cents pe litre, well short of the difference of 15 to 27 centsper litreidentified as
the underlying difference in cost between biodiesel and conventional diesel. A

$15 pertonne of carbon dioxide credit is worth some4 cents per litre and to cover
the full 25 cents per litre cost differential, a credit of about $100 per tonne of

carbon dioxidewould be required.

Environmental Value of Biodiessl through Redudion of Emissons Use of
biodiesd, either as a neat fuel or blended with conventiona diesel, will result in
sgnificant reductions in vehicle emissons of particulate matter, carbon monoxide
and hydrocarbons and a slight incresse in oxides of nitrogen. In New Zealand
particulate matter has the greaest impact on health human health, estimated at an
order of magnitude greater than the ather vehicle emission species and possibly
impacting the same at risk groups, so an edimate of environmental impeact can
reasonably be made on particulate matter only (22). For neat animal derived
biodiesd, the reduction in paticulate matter emissons is 49% and is 33% for
vegetable based produd, withamoreor lesslinear rdationship between biodi esel
concentration and redudion in emissions for blends (21).

An initial assessment of the cost of particulae emissions from vehicles in New
Zealand is $536 million, due largely to human mortdity and morbidity, and $310
million in the Auckland Regional Authority area aone (23). Theimpact can be
oonsidered proportiond to thelevel of particulate emissions (22).

On this basis, if 120,000 tonnes of biodiesel were blended into all diesel
oonsumed in New Zealand, the overd| concentration of biodiesel would be 6%,
resultingin a 3% reduction in particulate emissions. If this reduction is goplied
proportionately to the total impact cost of particulates in New Zealand, the
reduction in pollution costs would bein the order of $16.7 million or 12 cents per
litre of biodiessl. By concentrating all the biodiesel in the Audkland region,
where pollution costs are digproportionately high, the pdlution costs savings
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oould beincressed by about 5 centsper litre athouch this will be offset to some

extent by the additiona cost of trangporting the tallow or biodiesd into the
Auckland region.

This sinple andy sis indicates there is likely to be some benefit from biodiesd if
external costs such as pollution are included in the tax sructure for transport
fuels. Howevea the daa derived must be treated with drcumspection as the
pollution cods are preliminary only and a limited range of vehicles were used in
the assessment of emissions from biodiesd (21). The Ministry for the
Environment is currently undetaking a more detailed analysis of pollution coss
from transport which will published laer in 2003.

Direct Incentives for Biodiesd. Countries with trangport biofuels industries use a
mix of compulsion, subsidies for producers and/or relaxaion of fuel taxes to
austain the production and marketing of thefuels. The latter two measures are
being applied increasingly in the European Union for both biodiessl and ehanol
to meet its renewable fuels standard. These optionsare avail able toNew Zealand
to meet its 2 PJtarget for renewable transport fuels but will have to be assessed in

the context of New Zedland’s wider energy and trangport pdicies and expeaience
with such measures during theearly 1980’s.

To illustrate thepaotential impact of thecarbon credit and environmenta cog, they ae
included in therelative costs of diesel and biodiesel costs and shownin Figure 6.

Figure 6

Impact of Carbon Tax Credit and Particulate Costs on Net Biodiesd Costsof

Production and Diesd Costs
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Deducting both the carbon tax credit and the cost of particulate emissions from that of
producing biodiesel will not dose the gap of 27 cents/litre between historical diesel and
biodiesd costs. Using the historica distribuion of cods, the cods of diesel would be
higher than biodiesel in less than 2% of cases and there would be insignificant
oonver genceif only one of thetwo ingruments wereto be applied.

If the price of al wereto be sustained at over US$25 per barrel, convergence would be
increased to over 97% with both instruments but reduced to 5% with the particulate
emission costs gplied only. With the carbon tax credit only there will be no
oonver gence.

This analysis suggests that to be competitive with convertional diesel, biodiesal will
require more than the combined assistance of carbon tax credits and the cost savings
resulting from reduced diesel emissions to meke it compéeitive with conventiona diesd,
unless the price of crude oil is maintained & prices significantly higher than higorica

aerages
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