Br. Larry Olsor)
Arizogiel Sieiie Unlvearsiiy

Collegea gi Tecnralogy clcl lnroveaior)




I1]

2008, 49,9 oilllorl gellons of diesel fual coristiaed)

s

m Olls zirjcl Irlb Jclr
irlels riigner

19% of inlls for rllgnvwely irensgorieiorn (rrlosily gig
HUCHS)

Hagi for ferrr) mglgmmer/, corsiruciior, aallitery, reil,
ainlel rrieirirle creife

llgsel Is e goterltlel reglecaeant for gairolaetnr)
J

m Darlvecl frorrl OJFITJ"F of anipnel lolds

(@)

ROIECHYANCHEINESHIECEIE
12r clotd gaglrits, anel lower
L orggsure an fliers zrd

5 1r eylincders arid Irjeciors.

\
(2

@ @
==

-

|

oN —=
(™
SRRL
(>

| —

Veldofr Oress
OLIfros elric

a

AJ'I

@)
()
(—m
()



ettt gatepe aumoer
SUlidr, oo
Nitragen, 9o

Arorrietiics, vaol%

Viscosiity, ¢

Clotiel galnt, °C (saYoeir))

Flasn polrit, °C (soyoesln)

Cornousiiorn gt, °C (soy)

AVETCENSIOBIESE]

AVerad




Blocligsal gracltaiion 1r U.S

m 75 illion gallons 2005

50 anillion gellorls ir 2007 (0. 9% of toiel digse] Usa)
& fropgl soygeaps.  nl

celnolel) ol

| Z

Alrrlosit el glacligsal 1 U.S, rricc)
Europe,rnahﬂyi?onwra(eseec {

Leirjel Use
m Asslpalnle) e /QJrJ of 110G ezlloris/riz for soyoear)s, |
mJJJJor EROINCIO]9] I EREIENIEEE 6 RONE]) ACERCIRCIES
RERSY
Curre 'EJ/ L2 panilllon pel gf crgoleinel, ool welle )
230% i g avelllzsole crgolzp) rJ
fleld of ol fror regasead priore iz tyice

a Ir.r'ra
SOYOUEel]S.




soltiilon to regleice diase)

< alpnost sere as orice gi glodiesal,
oLiflt for 75% of ro; of olocliase],

Twe girlds gossigll]
o \/\/chd oIl
_WAOEE

r\molmr gf Weisie dils
m 2.5 gilllog gotnds af weisiia feis collecizd siniplizlly fronm)
SIESTEIIENLS
1.
ol

2.0
U, S
i}

g ollllon gourds af ezl feis orocueael anptizlly

Patantizlly could reoleice 4% of geiroledrn diesel




Llglds copisist Infeitny ciclels
oelrnlic zieid or * erJrJ) Weller
io 2l ¢lyceno) MOIEE Je i0 ¢lve ff/J//

ANRESLEINSHIOIITIES J | fgzgiion ojf <l
aiflcl 2ip) ellconol. C //erl 0y aelicl of el

/(Jrol//ed i
\\jrll‘éf




Clyeerol molect)
'f?l'i"i‘/ acids . The r
0Olzlf aipiel plat yWel

Efaa J‘rll‘l‘/ rl(JrJ;
[l OOfEEIT T el
WIEIINES FFJUJ/L

®

= =0l
9

RA=0C— O ' ‘ < C / + 5 H,0
g

BN

faity zicid glycerol iriglycerice WWelier







Arllrriel et
aclcls, Bac
gzic close
gtrone) ziniel i
LEPEICIUIES

Veagaizigle olls rneve mosily uUpsaitfaiged C=C cdoijg)e
|
TN

oonlds. Paedne I rerder Meues 1t e liejuiel 2t roonr]
igrrpereitre, Trie rrore cotgle ganels
(nalytpgeaitiraiigel), irle [owear ing rpalilne oalnt.

e

loclirig Velte freasures axiant of dotjgle gopics (¢
000 ¢ o). Flignegr lodineg Veltg meeins more
Upsetitraiion. Also corrgsgoricds io lower clgtic gglnt
pecallse rrelting golnt decrazsas,




Stprflowear 9l - 6,08

1 Ol




]

S

Coconut

o

: 3
o =
b= (o)
; :
w o

B Saturated OMonounsaturated B Polyunsaturated




Trie rezicilon o irlglyceride apiel an zslconiol
0 groctce emothe' siar elricl 15 callee) il
SIETICEO)g?

slodiase] Is mostly meelg iron fee *'t]ng el

Wiipl irielycarielgs to glva el ety zeld me'th\
(FAME). Trig MW of ing =AME 1S Ll
irlelr) irle g lyeericle wrller) ¢jraeily
orogarias suan <15 Viseosiiy, golllrc galnt, claticl
oolnt, fleise golnt, eic,, all af wrller zire closer ig
pairglaurr) ciesal izl e Yegeicgle ojls

Sii
r e
feeis

Cr)
ff

NSEIVESY




©
=
q
(&)
)

SE.
efl=fell
ISISSIE

RGN0 N
O

I

R or=de

N4

x*

j
s (D

L (!

(>
: by
(R
()
(—

—n O

L T
GD
(P

b

(—-

(2

(5
(—

O —h
=

H/OF
+ 9 GO

FAME

=7/ Or)

IO SiR= COGH

[
I




Deao fryine sugjecis dilsig 160 — 200 “C jof
reley rJ\/eJ/ logie geriocls ¢ f e ln oreserce gf alr cnel
ligjaie. Frifee iy 0as of reagions reJlJJE
m ydrolyiic — Sigei grocucad fron cgoine foocls
catsas nydralysis of trlglyecarices to grocltice FREA,
rriono arc diglycaricdes, and glycarol.
FrwrrrJoJ/rJr — rJJJrJ Eemwrcwura RIS
rlf] r]err

~ S s

produJe rudroparomle free reid] /'r Celf) i
L|

oroduce rriziny different crigrmicel J (JJrJJ ooJ/merS

rJ Igner lodine nurmoer J ) | viscosity arid
elclel riurnoer.




Th LS, oolrlr cONISt Of cguKine olls Ineraases i)
Szltlrie),

flcreaseac) , sol]rls ciflcl Wertar corjiart

Diffarent Viscosity, lodirie atmogr, e cdgnsity iz

vire)in ol
Possiole contarninzeiion Witr ordigins, caroorlydreiegs,
eiplel gingr Unsagomificoles




(allow (reeyelac) orease g liligdd g 15%) FRA.
Anlferel -CIJJQWJ calp) Velry, deoeridirie) toon ife ¢reele,
fren) J izl %0 ie (L5%) FRAL - Celnl oé m] XUUENG

lmfl cifllerel felis, Feris LT
O OVVL] Jreesed

|QOJ/J FF}




Eolucline caglizl) cosis jor glant consirl e
Ineltielinie) el wracltigtion cosis jnalticlin) g
gl JrJr/ fleritrel] zls ciniel gorsurzole:

frorm soyoeam ol vL.93/dallon
fraem yellow grezs b 20/gallon
m V=inyl esiar frorm growrl grees 50,91 /¢jzllog)




M]r*ro?lUcre capl excaed 80% oll goriieri 0y e welet,
wWiirl 20-50%) o21gic) connmon.

As gngiosyninaic orgenisms, gasie ree|tirenanis ar

Jrlervvrl/ ofl clesiegn of lelfe)e
r\J ;C) meed Ifriorovament of
&

Ol copigrit sonayyrlel Jmerem[ fron veggiely

(rnore golyUnsailreia feiny acicds).




) 1

Crezii acleriage of lerozlgzie]s irei ii coagp)i
fac j Lijre glrrloP lziniel of ggizigle Weiier,
tfolednr cdigsel Wil
'5 g ffOOJrlfJfJ

Only rezl ggilen for reelaeing signlilecerit |

of sl cigsaliel,




Pririery golluizirits epltige) from 2ncines
HE(VELES)
€C)
NE)
=Vl

50
Alr/Fugl reitlo 1p) cornolston erlennger oleys erlicel
fole.




uoHIw Jad syied ‘ud1)es1uadund apixo 1IN

: 8

[Te]
™~
|

Air-fuel ratio, weight per weight

3U3213d ‘UOIIBJIUEIUOD SPIXOLDW UOgJe]y
z-0L X 9~ yorpw Jad syJed ‘UOIIRIIUIDUOD LOGIBI0IPAH




Dorlit rieeel N p) tpiefuzl o forg NO,
“Copolsiton NO s formred frorgl reaetion af N cip
@), lrelf.
NS+ 0O, = 2 AHP =
O AGY =
sligrier tepoeraitres favor formion of NO
Oplea igrrpareitie cdrogs, NO cotlle cissocleiia gzigi io
Noaipiel O oLt s reslction s sigyy.
Ipisigeiel Wizt rielgeens 1s ireit NO reclgb yitrl €,
orgeltice N@J- “Fale st gf NO zlgicl NG Jscallele J Q,a
2 NO O, =2 2 NO, AH =-113 kJ

2
=




Figure ES-A
Average emission impacts of biodiesel for heavy-duty highway engines
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Table ES-A
Emission impacts of 20 vol% biodiesel
‘bean-based biodiesel added to an average base fuel

Percent change in emissions
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Table IV.A.2.a-3.
Difference in energy content between biodiesel and conventional diesel fuel

Conventional diesel 129,500 Btu/gal Conventional diesel 129,500 Btu/gal
Animal-based biodiesel | 115.720 Btu/gal Plant-based biodiesel | 119.216 Btu/gal

Percent difference Percent difference

Table IV.A.2.b-1
Fuel economy impacts of biodiesel use

% reduction in miles/gallon

20% biodiesel
100% biodiesel 4.6-10.6
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