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COMPARATIVE ANALYSIS OF BIOFUELS WITH A FEEDSTOCK FUEL COMPLEX.

Abstract: Biofuels are viewed as a possible fuel of the future. Concerning energy for cars there is intense
“competition” stemming from electricity and rising in popularity due to modern research is also hydrogen. In
general, biofuels are nowadays strongly supported in the European Union as well as in the United States of
America and many other regions of the world.

Active management in the oil and gas industry needs to take in account knowledge not only about fossil
fuels but also various types of alternative fuels like biofuels. This thesis goal is to analyze the economics
of producing Bio-Crude oil from a plant called Jatrophae curcadis, (or also known as “purging nut”). It is
nowadays growing around subtropical regions of the North American continent, especially in Mexico, and
southern Asia, and with lower yield can grow even in arid wastelands of Central Asia (in arid Mali it is grown
to hold wildlife from plants). It is the very undemanding plant so the biofuel produced from it can be very
cheap compared to other biofuels.

The oil produced from this plant is not being traded on commodities markets yet but is viewed as biofuel
of the future as currently sold soybean oil and palm oil are according to my analysis more expensive in many
areas of the world. Production of the plant seeds (nuts) when pressed leads to bio-crude oil which can be

processed to biocrude.

Economic analysis showed that given irrigation and good genetic selection of the plants to give higher
production of seeds (price of the kg would be determining factor), the biocrude produced from the seeds has
the potential to successfully compete with alternative fuels made from soybean or palm oils.

Key words: diesel, gas, management, economic analysis, jatrophae curcadis, bio-crude, oil.

Introduction. Leaves, which show anti leukemic
activity, contain alpha-amyrin, beta-sitosterol,
stigmasterol, and campesterol, 7-keto-beta-sitosterol,
stigmast-5-ene-3-beta, 7-alpha-diol, and stigmast-5-
ene-3beta, 7 beta-diol (Duke, 2000)

The poisoning is an irritant, with acute
abdominal pain and nausea about 1/2 hour following
ingestion. Diarrhea and nausea continue but are not
usually serious. Depression and collapse may occur,
especially in children. Two seeds are strong purgative.
Four to five seeds are said to have caused death,
but the roasted seed is said to be nearly innocuous.
Bark, fruit, leaf, root, and wood are all reported to
contain HCN (Hydrogen Cyanide) (Watt and Breyer-
Brandwijk, 1962). Seeds contain the dangerous
toxalbumin curcin, rendering them potentially fatally
toxic.

The "crude oil" pumped out of the ground is a
black liquid called petroleum. This liquid contains
aliphatic hydrocarbons, or hydrocarbons. The carbon
atoms link together in chains of different lengths.
Hydrocarbon molecules of different lengths have
different properties and behaviors.

For example, methane, a gaseous molecule, is a
chain with just one carbon atom in it (CHa4) and is
the lightest chain. Methane is a gas so light that it
floats like helium. As the chains get longer, they get

heavier. The first four chains -- CH4 (methane), C2Hs
(ethane), CsHs (propane) and CsH,, (butane) -- are all
gases, and they boil at-161, -88, -46 and -1 degrees F,
respectively (-107, -67, -43 and -18 degrees C). The
chains up through C,3Hj3, or so are all liquids at room
temperature, and the chains above Ci are all solids at
room temperature (HowStuffWorks.com, 2009).

The petroleum refining industry converts crude
oil into more than 2500 refined products, including
liquefied petroleum gas, gasoline, kerosene, aviation
fuel, diesel fuel, fuel oils, lubricating oils, and raw
material for the petrochemical industry. Petroleum
refinery activities start with receipt of crude for
storage at the refinery, include all petroleum
handling and refining operations, and they terminate
with storage preparatory to shipping the refined
products from the refinery. The petroleum refining
industry employs a wide variety of processes. A
refinery’s processing flow is largely determined by
the composition of the crude oil raw material and
the chosen slate of petroleum products. The example
refinery flow scheme presented in Figure 4 shows the
general processing arintervalment used by refineries
in the United States for major refinery processes.
The arintervalment of these processes will vary
among refineries, and few, if any, employ all of these
processes (EPA,1995).
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Listed below are five categories of general
refinery processes and associated operations (in
reference to Figure 4):

1. Separation processes: involves atmospheric
distillation, which ismadeup of (a) vacuum distillation
and (b) light ends recovery (gas processing). These
steps of refinery separation processes separate these
crude oil constituents into common boiling point
fractions.

2. Petroleum conversion processes,
encompassing cracking (thermal and catalytic),
reforming, alkylation, polymerization, isomerization,
coking, and visbreaking Cracking, coking,
and visbreaking processes are used to break
large petroleum molecules into smaller ones.
Polymerization and alkylation processes are used to
combine small petroleum molecules into larger ones.
Isomerization and reforming processes are applied
to rearinterval the structure of petroleum molecules

to produce higher-value molecules of a similar
molecular size.

3. Petroleum treating processes involving
hydrodesulfurization,  hydrotreating,  chemical
sweetening, acid gas removal, and deasphalting.
The first 4 processes in this step removeundesirable
elements such as sulfur, nitrogen, and oxygen.
Deasphalting, is employed primarily for the
separation of petroleum products.

4. Rawmaterial and product handling comprises
of storage, blending, loading, and unloading. These
steps involve the logistical handling of the raw
material and product.

5. Auxiliary facilities utilizing boilers, waste
water treatment, hydrogen production, sulfur
recovery plant, cooling towers, blow-down system,
and compressor engines. All these auxiliary processes
and equipments are necessary for crude oil refining
as are they for collecting by-products.

Figure 4 — Schematic of an example integrated petroleum refinery
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Biocrude is made through transesterification of
various vegetable oils. While first biocrude was made
of peanut oil, the usage as a combustible energy
source happened only after 1900 (Nitske and Wilson,
1965). Biocrude is quite simple to produce. It is made
by chemically altering the molecular structure of any
organic oil through the use of a chemical catalyst and
an alcohol.

Technological innovations of the transesterification
processes have led to improvements in efficiency
in the production of biocrude. The source options
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for its production have changed and increased. The
search for carbon neutral inputs makes the biocrude
the importance of plant sources of raw material, such
is vegetables, because they must not release more
than the amount of carbon they have and planting
them absorbs even more carbon. Their emissions
produced are around 40 % of the fossil fuel ones
(Stockmangrassfarmer.com). Biocrude is usually
made of Virgin (vegetable) oil. Cooking oil recycled
from restaurants can also be used to produce biocrude.
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Figure 5 — Biocrude production process.
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Source: National Biocrude Board.

The based catalyzed production of biocrude
generally occurs using the following steps ( National
Biocrude Board)

*  Mixing of alcohol and catalyst: The catalyst
is typically sodium hydroxide (caustic soda) or
potassium hydroxide (potash). It is dissolved in the
alcohol using a standard agitator or mixer.

* Reaction: The alcohol/catalyst mix is then
charged into a closed reaction vessel and the oil or fat
is added. The system from here on is totally closed
to the atmosphere to prevent the loss of alcohol. The
reaction mix is kept just above the boiling point of
the alcohol (around 65°C) to speed up the reaction.
Excess alcohol is normally used to ensure complete
conversion of the fat or oil to esters.

e Separation: Once the reaction is complete,
two major products exist: Glycerin and Biocrude.
Each has a substantial amount of the excess methanol
that was used in the reaction. The reacted mixture is
sometimes neutralized (if needed). The glycerin and
biocrude can be separated by gravity with glycerin
being drawn off the bottom of the vessel. A centrifuge
can also be used.

e Alcohol Removal: Once both the products
are separated, then the excess alcohol in each phase
is removed with a flash evaporation process or
distillation. It is then re — used.

e Glycerin Neutralization: The glycerin by-
product contains unused catalyst and soaps that
are neutralized with an acid and sent top storage as
crude glycerin. In some cases, the salt formed during
this phase is recovered for use as fertilizer. In more
sophisticated operations, the glycerin is distilled
t099% or higher purity and sold into the cosmetic and
pharmaceutical markets.

*  Methyl Ester Cleaning: When separated
from the glycerin, the biocrude is usually purified
by cleaning gently with hot water to remove residual
catalyst or soaps, dried and sent to storage. In some
processes, this step is not needed. This is normally
the end of the production process resulting in a clear
amber-yellow liquid with a viscosity similar to petro-

diesel. In some systems, the biocrude is distilled in
an additional step to remove small amounts of color
bodies to produce a colorless biocrude.

Bio-fuels can be derived from various sources
of raw material and each one has a different cost of
production and also amount of energy inputs and
outputs differ too. Depending on whether the product
is ethanol or biocrude, it will always be compared to
fossil fuels.

Table 1 — Relative Costs of Biofuels from Various
Raw material

Estimated cost per barrel
of fuel
RAW MATERIAL COST/Barrel
Cellulose $305
Wheat $125
Rapeseed $123
Soybean $122
Sugar beets $100
Corn $83
Sugar cane $45
Jatropha $43

Source: Goldman Sachs via Wall Street Journal
(Aug 24, 2007)

Table 1 shows a comparison of various raw
material which are used to obtain biofuels. It is clear
that cellulosic ethanol is very expensive to produce,
and that Jatrophae curcadis is the cheapest to produce
among the alternatives. It is older source compared to
nowadays when thesis is being written, but relative
prices are still similar.

Bourne (2007) noted that if we use ethanol made
from corn then we get 1.3 units of energy for a unit
of fossil fuel energy invested. While for ethanol from
sugarcane, for every unit of input of fossil fuel, 8
units of energy output can be produced. For biocrude
in general, for every one unit of input of fossil fuel,
2.5 units of energy output can be produced. Whereas
for cellulosic ethanol, for every one unit of fossil
fuel input, 2-6 units of energy can be produced. In
this case the variability due to various production
methods. Finally, for biocrude from algae, it is still
unknown, but estimated that 1000 sq. meters up to
5000 liters of biocrude every year.

Bourne (2007), adds that greenhouse gas
emissions which accounts for the production and use
of that particular fuel is promising for the bio-fuel
candidates. Gasoline produces 20.4 pounds of carbon
dioxide emissions per gallon of fuel [2.44 kg/I]. Corn
ethanol emits.

16.2 pounds per gallon [1.94 kg/l] which is
22% lesser than gasoline, sugarcane ethanol emits
9 pounds per gallon [1,08 kg/l] which is 56% less,
biocrude emits 7.6 pounds per gallon [910 g/1] which
is 68% less, and finally cellulosic ethanol produces
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1.9 [227 g/1] pounds per gallon, which is 91% less.

Bourne also adds that when gasoline was at the
average price of $0.8 /1, Ethanol (E85) was at $0.7/1
and that in order to get the equivalent amount of
energy from a liter of gasoline, 5.33 liters of E85
would need to be consumed to get to dollar value
to $0,98. Cane ethanol in order to match Brazil’s
average retail price of $1.3 per liter of gasoline with
25% ethanol mixed in, would require 4.77 liters of
cane ethanol to produce the equivalent amount of
energy which would bring the value to $1.03 which
is still substantially lower than the gasoline-ethanol
mix. In Germany, the biocrude was at same time
comparably sold at a higher price than the fossil fuel
diesel. In June 2007, the average price was $1.62 per
liter of fossil fuel diesel and $1.8 for biocrude. To

To produce the equivalent amount of energy of
1 liter of fossil fuel diesel, 1.04 liters of biocrude is
required at a value of $1.78.

The purpose of developing these products is to
use them as fuel in internal combustion engines.
But these engines are not well-suited for burning oil
directly. The high viscosity of the oil causes coking
of the injectors on the pistons and on the engine head
which causes incomplete combustion of fuel. This
leads to excessive carbon deposits on the pistons,
eventually causing excessive wear on the engine.
Therefore, the Jatrophae curcadis oil, like all the
other oils, has to be processed into biocrude through
the transesterification process discussed above.

There are three important variables to focus on in
processing oil into diesel: flash point, caloric value
and cloud point. For efficient energy release, the
fuel must have a low flash point and cloud point and
high caloric value. Table 2 illustrates the differences
between fossil diesel and Jatrophae curcadis oil and
biocrude, soybean biocrude, and palm oil biocrude.
It shows that fossil diesel has higher caloric value,
and the lowest flash and cloud point (except for
soybean biocrude) compared to Jatrophae curcadis
oil, Jatrophae curcadis biocrude, soybean biocrude
and palm oil biocrude. However, Jatrophae curcadis
biocrude is not too different from fossil diesel where
the density, viscosity, and caloric value is very much
similar. The cloud point is not too far off compared to
fossil diesel while the flashpoint is 125°C higher. The
implication is that Jatropha curcas oil can possibly
replace fossil diesel and could also be blended with
fossil diesel to have caloric value, cloud and flash
point properties that are more suitable. The same can
be said of soybean biocrude and palm oil biocrude.
The conclusion here is that, all three sources of raw
material, soybean, palm oil and Jatrophae curcadis
are suitable replacements or complements for fossil
diesel.

Table 2 — Fuel Properties of Jatrophae curcadis Oil,
Jatrophae curcadis Biocrude and Fossil Diesel.

Properties
8 < = =
= = S o
g, a. 0 =
S g |2 E 2
3 = % £ i
(] [}
=R PR
Gt g @ 2 a
(]
S|
g
Q
= 8
o M
Density, 0.920 | 0.865 | 0.880 | 0.870 |0.841
g/ml
Viscosity @ | 3.5 5.2 19to6 |44 4.5
40°C, Cst
Calorific
value,
MlJ/kg 39.7 1392 |32 37.8 142.0
Flash point, | 240 175 130 182 50
°C
Cloud point, | 16 13 -1 152 |9
°C

Sources: Ramesh et al. (Jatrophae curcadis
andfossil diesel), Mekalilie et al. (Soybean), and
journeytoforever.org (Palm Oil)

Whether ethanol or biocrude is used, it is in
nowadays view a move in the right direction.
The proven warming climate and the persistent
degradation of the living environment, offers us a
choice to look at greener ways to power our engines.
Hydro power has been used but is limited to many
areas in the world. Solar and wind power has also
been used and although getting popular, still quite
expensive and also limited to only specific places
around the world.

Anyway, the vast majority of our power plants
and from the smallest of engines to the largest, fuel
is still needed. Unfortunately, electricity batteries
cannot be used everywhere. Bio-fuel is not going to
completely substitute fossil fuel energy, at least this
or next decade, but will definitely complement our
current resources.
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BUOOTBIHABI HINKI3ATTBIK OThIH KEINEHIMEH CAJIBICTBIPMAJIBI TAJIJIAY

AnHoTauus. bUoOTHIH MYMKiH OoJlalIakTa OTHIH PETIHE KapacThIpblIaibl. ABTOKOIIKTEpre apHaIFaH
SHEpPreTHKa Typalibl alTaThblH OOJCAK, JJIEKTP SHEPTHACHIHBIH OCEpiHEH OONAaThIH «OJCEKEeNEeCTIK» KOHE
Ka3ipri 3aMaHfbl 3ePTTEYJICP/IiH apPKACHIH/IA TAHBIMAJIBUIBIKTBIH apTYhI Jia CyTeri 0oJbi Ta0buIaabl. XKarbl
anraHja, OMOOTBIH Kasipri ke3ge Eypomansik Opakra, conpai-ak Amepuka Kypama Illtarrapsina xoHe
QJIEMHIH KeNTereH 0acka aiMakTapbiHaa OesiceH 1l Kojay Taly/a.

MyHaii-ra3 canacblHIaFbl OenceHai 0ackapy OpraHuKalbIK OTHIH Typalibl FaHa €MeC, COHBIMEH Karap
OMOOTBIH CHSIKTHI aIBTEPHATHBTI OTBIHHBIH 9PTYPIL TYpiepi Typaiibl OiniMIl eckepyi Kepek. byt mumnmomabik
KYMBICTBIH Makcartbl - Jatrophae curcadis (Hemece «Ta3apTKbIII KaHFaK» JEH T€ arajiajbl) JIeN aTalaTblH
3aybITTaH aJbIHATBIH OMO-LIMKI MYHAl ©HIIPiCiHIH SKOHOMHKACHIH Tanjaay. Kazipri yakeirta o1 ConTycTik
AMepuka KOHTHHEHTiHiH, ocipece Mekcuka MeH OHTYCTIK A3USHBIH CyOTPONUKANBIK aliMaKTapbIHbIH
aliHanaceiHa ecei, TinTi OpTalibiK A3UsSHBIH KypFrak IIeJIJIepiH/Ie a3 OHIMMEH oce ayajpl (Kyprak Manue
OJ1 6CIMJIIKTEP/ICH jka0aiibl TAOMFAT aJIbIll ©Ce/li). byl eTe 1ocTypili eMec eCiMIIK, COHBIKTAH OJIaH )KacallFaH
OMOOTHIH Oacka OMOOTBHIHAAPMEH CABICTBIPFAaH/Ia 6TE ap3aH OOIybl MYMKIiH.

By 3aypiTTa eHAipinTeH MyHail o1i Tayap HapbIKTapbIHIa caTbUIMaiIbl, OipaK OonamaKTsiH OMOOTHIHEI
peTiHze KapacThIpblIabl, OMTKEHI Ka3ipri yaKbITTa CaTbUIFaH COS Maiibl MEH MaJIbMa Maiibl, MEHIH TaJAaybIM
OOMBIHIIA, QJIEMHIH KONITereH 0OIIKTepiHAe KhIMOaTKa Tyce/i. OCIMJIIK TYKbIMBIH (JKaHFAKThI) OMOJIOTHUSITBIK
ecernke AeliH eHeyre 0onaTblH ONO-IIMKI MaiiFa oKelly apKbUIbl OHIIIpY.

DOKOHOMUKAIIBIK, Tajjlay KOpPCETKEeHAEH, )KOFaphl TYKbIM OHJIpYyre apHajiFaH eCIMAIKTEpIi cyapy KoHe
JKAKChl TCHETUKAJBIK IPIKTEY TYKbIMHAH aJbIHFaH OMOPEHT COS HEeMece IajbMa MaWbIHBIH OajlamMalibl
OTBIHAAPBIMEH O9CeKere Tyce anajpbl.

Tyiiin ce3nep: /lusens, ra3, MCHEIPKMEHT, 5KOHOMUKANBIK Tajaay, Karpodanap, OHO-1IHKI MyHal.

H.B. lllamyparora', 3.C. Baiitwiienosa?, ’K.A. Hazuxosa’, A.H. Hapenona?, A.A. Kemeposa'
'Kokmerayckuii yauBepcuret uM. A. Mbip3axmetoBa, Kokmeray, Kasaxcran;
*Tapasckuii rocyaapcTBeHHbIi yHuBepcuTeT nmenn M. X. [lynaru, Tapa3, Kasaxcram.
E-mail: naza 1@mail.ru

CPABHUTEJIbHBINA AHAJIN3 BUOTOILIUBA C CbIPBEBBIM
TOIIJIMBHBIM KOMIIVIEKCOM

AHHOTauus. bUOTOIUINBO paccMaTprBaeTCs Kak BO3MOKHOE TOIUIMBO Oyaymiero. YTo kacaeTcsi SHepruu
JUIs. aBTOMOOWIICH, TO MHTCHCUBHAS «KOHKYPEHLHs», BbI3BAHHASI AIIEKTPUUYECTBOM, H POCT MOMYJISPHOCTH
Onarozmapsi COBpEMEHHBIM HCCIICAOBAHUSAM TaKKe SIBISICTCS BOJOPOX. B 11e10M, GHOTOMIMBO B HacTosIIee
BpeMs akTUBHO NojjiepxuBaeTca B EBponeiickoM corose, a Takke B CoeauHenHbIx LlltaTax AMepUKH U BO
MHOTHUX JPYyTUX PETHOHAX MHpA.

AKTUBHOE yTnpaBJieHre B HE(TETra30BOM OTPACIU AOJKHO YUUTHIBATh 3HAHUSI HE TOJIBKO O HCKOIIAeMOM
TOIUIMBE, HO M O Pa3JIMYHBIX THUIIAX aJbTEepHATUBHBIX BUIOB TOIUIMBA, TaKWX Kak Ouororumso. Llenbio
3TOTO Te3Hca SIBISACTCS aHAJIN3 YKOHOMUKHU TPOU3BOJICTBA OMO-CHIPON HE(TH M3 PACTEHUS O] Ha3BaHHEM
Jatrophae curcadis (n1m Taxke U3BECTHOTO KaK «raiika OYMCTKH»). B HacTosiiee BpemMst OHO pacTeT BOKPYT
CyOTpPONHMUYECKUX PETHOHOB CEBEPOAMEPUKAHCKOTO KOHTHHEHTa, 0cOOeHHO B Mekcuke u FOxkHo A3um, U ¢
MEHBIIEH YpOXKaiHOCTBIO MOKET PACTH JJa’Ke B 3aCyIUIMBBIX MyCThIHIX Cpeaneit A3uu (B 3acynuinBoM Manu
OH BBIpAIMBACTCS IS COACPIKAHUS AUKOM MPUPOABI C pacTeHMI). DTO OYEHb HETPAJUIIMOHHOE pPAacTeHHE,
MO3TOMY OMOTOILIIMBO, MMPOU3BEIECHHOE M3 HEr0, MOXKET ObITH OYCHb ACUICBBIM M0 CPABHECHUIO C JPYTHMHU
BUJaMH OHMOTOILIMBA.

Hed1b, noObiBacMast Ha 3TOM 3aBOJie, €lIE€ HE TOPryeTcs Ha TOBApHBIX PBIHKAX, HO paccMaTpHBaETCS
Kak OMOTOIIMBO Oy/IyIIero, IOCKOIBKY B HACTOSILEE BpeMsl MPOAaHHOE COEBOE Maciio U MaJbMOBOE Maclo,
[0 MOEMY aHaJlu3y, JOpOXKe BO MHOTUX pailoHax mupa. IIpom3BojncTBO ceMsiH pacTeHHH (OpeXxoB) IpH
MPEeCCOBaHUM MPUBOIMT K OMO-CBHIPOIl He(TH, KOTOpasi MOKET ObITh 00paboTana 10 OHMoyderTa.

TeMm cambIM, OHOTOIUTMBO SBJISIETCS SKOHOMHYECKHM BBITOAHBIM JUIS MPOU3BOACTBA, a TAKXKE YTO OHO
SKOJIOTUYECKUI YUCTBIM U Oe30I1acHbIN 1 001ecTBa.

DKOHOMHUYECKUH aHalW3 MOKasaj, 4TO MPU YCJIOBHHM OPOLICHUS M XOPOLIEr0 FeHETHYECKOro oTdhopa
pacTeHuid AJ1sl MOIy4eHUs Oosiee BHICOKOM MPOAYKIMHU ceMsiH (IIeHA Ha KHJIOTpaMM OyAeT OlpenesionM
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(akTopom) OHOpeHTa, TTOyYeHHAs! U3 CEMSTH, MOXKET yCIICIITHO KOHKYPUPOBATh C allbTepPHATHBHBIMH BHIAMHU
TOIUTBA U3 COM MJIM MaJbMbI Maca.

KiroueBble ci1oBa: au3enb, ra3, MEHEIKMEHT, 5KOHOMUYECKHI aHanu3, Jatrophae curcadis, Ono-ceipast
He(DTh.
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