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Evaluation of Biodiesel Production Systems and Factors
Affecting Product Yield
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ABSTRACT

In recent years there has been an increasing focus on global warming and the exhaustion

of

resources caused by the heavy consumption of fossil fuels. In order to resolve these issues, biomass

has gained much attention as a source of renewable energy. One area of particular interest has been

the production of biodiesel. The biodiesel produced by the transesterification of vegetable oils, animal

fats and waste cooking oils is expected to be one of the eco—friendly biomass-based alternatives

to

fossil fuels. This paper reviews some of the recent findings for the effective biodiesel production

system, together with several factors affecting the biodiesel yield.
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E 1. ASTMOIIM HAjst A= M7 Cjdnt vio|2C|Ho|
T

I A'I = Table 1. Values for the American Society for Testing
and Materials(ASTM) standards of maximum allowed
A o]F olRl FAelnZ o]edtow I quantities in Diesel and Biodiesel.
W BEER WA Gk SR TR o Tropery Dlese Dlodese
dmo] Algow A7 sPlelm ugeke] w7l 3 Standard ASTM D 975 ASTM D 6751
73 EA7F o 1Edt) o7 2 OH AgE A Composition Hyf]r ocar}) on FAME
(Cio = Ca1) (Ciz = C2)
& 5 gl dAedel dE 277k FEeA S Kin Viscosity
AT, 3-51. (mm/s) at 40 19~41 19~60
Ho] ot ALe 71E tAe] Hl3)] Aol =of Specific gravity 0 058
0% ol ol 21 el AEs| 7Fesh ==t (g/ml) ' '
29} BAe] AAF3rF Holut 33 Hskgoln <l Flash point (C) 60~80 100~170
s3(flash point)o] #=7] Wiell AFH #1744 Hol Cloud point (C) -15t0 5 -3 to 12
A frElsltH1,3101 e 3 Aol A& AfuA Pour point (C)  -35to 15 -15 to 16
2 F8A0] "olX& whH upo| ool - g Water (wt%) 0.05 0.05
o] A2 Esta 8ol ol 7|Ale] mh Carbon (wt%) 87 77
Adds 29 F UteE ARG obsY A ES Hydrogen (wt%) 13 12
e et o3 o] %lt}. TEgk vlol oA Oxygen (wt%) 0 11
Afr At B3 ddo] fAlslal Aldrke =7 Sulfur (wt%) 0.05 0.05
el AH AN e TSt ARgo] Zhssith Cetane number 40~55 48~60
Table 12> ASTMoA A|AJslal A= Afo)=y)
dlo]otjde] #74& vehd Z3olti]l, 8. ojeTde] HA7HE wF o]l 7] wiiel & I
ulo] @ r] AL A 545X (vegetable oil) Ur &4 dsolt)y. 2y A& 84, by dde
A9Hanimal fat), #4852 FAEA EdSYA 2VA%E A8 T W R fEA Ak 9
o] =(triglyceride) & &3-&7 ‘?}a—*lﬂ Aol 2~ H| i LIS AR R EJ oA Yxr]Eo] 60-80%
Z(alkyl ester)?] FelZ HFAIR EHZH £k £ AAB] wiel A3 T8 d98E Ad™ske
BoGol gl RS LehtH4]. Table 2= vlo] o t] A <] Zlo] Fasirl g vpolorjde &3 e ¥
A g dEet AR BYshy A4S HolE o ARl w2} gEek 2felE B3, 15].
th ABARAE g Aol 7hsaelal xFedx sz Hko] @ olEhE3} tEo] nho] o] e] ALg-2 A
ol Aol Al o] 7hste] ek T Yol A AAA e HAp S7HE AL Q= %HME}[%] o]
o} AEAGX = 28829} H)AL92 2 LA EE= v oA E tAAge] dlo]or]AS AAH| S
2 5 A8 7bsd A7 %5%0l s A3 st AREERaL vk # AFolME AR nE
ol A&FA A AA T ZAE o] AlZ A oot Ao tiE] AuEIL
Foow AgfAe vlolorde] 71 AeS o BE TEC TS T Al dis) st
ozlty aEla HH @ MRS TR £E= Hko] @ F3}F Fofe] S Fituwgol| &gt 1
ol &= WA A a7 Aot 4= Qlth =20l Atk
olzlgh TS FE3| flaiA= &aHlE]el A
ot erd BlAE-fFrAlol IS ZhAof gtk e

S AT = =]
F ek A fFEAEES HElsh] 9 v
of shehd 94, He wolerAs AN A% .
e ;{?:__l H]—tﬂoo] aT9 Eni]i]m_o wo 3} 1. 7|E2x0l sl5HIE
~— WL o n gl o =0 0 I - oehﬂ‘@o /5}%/\3%;{] = E%/\‘TX] ]_9] Z"év‘i‘?l
AW AL oAl dl Aeold mAel ge Tt T " S
2 =3 vl AN TG Eal= 0] Eg|ZgAlgto] Etriglyceride, TG)E Zvl slellA] &
EAB] wizel At FAAA EAE dod N
L3} 7 o]ol| ~H 2 8Wk-8-(transesterification) S g+
& glom AmAaART Wl AAEF vl
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Table 2. Feedstocks for production of biodiesel and their physicochemical properties

Type of . Mal.n . chemical . Density  Flash K{nemz.itlc Acid value Heating
oil Species composition(fatty acid (¢/em®) point(C) viscosity (meKOH/a) value
composition wt%) & b (cst, at 40C) e & M]J/kg)
Edible oil  Soybean C16:0, C18:1, C18:2 0.9 254 32.9 0.2 39.6
Rapeseed C16:0, C18:0, C18:1, C18:2 0.91 246 35.1 2.92 39.7
Sunflower C16:0, C18:0, C18:1, C18:2 0.92 274 326 - 39.6
Palm C16:0, C18:0, C18:1, C18:2 0.92 267 39.6" 0.1 -
C16:0, C18:0, C18:1, C18:2,
Peanut €200, C22:0 0.90 271 22.72 3 39.8
Corn C16:0, C180, CI&1, C18:2, ) o 277 349" - 395
C18:3
. . C16:0, C18:0, C18:1, C18:2 - ~
Camelina C18:3, C20:0, C20:1, C20:3 0.91 0.76 42.2
C16:0, C18:0, C18:1, C18:2,
Canola C183 38.2 0.4
Cotton C16:0, C18:0, C18:1, C18:2 0.91 234 182 39.5
Pumpkin C16:0, C18:0, C18:1, C18:2 0.92 > 230 35.6 0.55 39
Jatropha C16:0, LlGZ%, 91810, C181, 092 995 294 23 185
curcas C18:2
Nonedlble Ponbgamona C16:0, C18:0, (.31811, C18:2, 091 205 278 5.06 U
oil pinnata C18:3
Sea Mango 100 G180, CIEL CI82, o) - 296 024 4086
C18:3
Palanga  C100 CI80, CI8L CI82, 50 o) 720 44 3995
C18:3
C14:0, C16:0, C16:1, C17:0, - ~ ~
Tallow C180, C181, C18:2 0.92 40.05
Nile tilapia ~ C100 €181 €205, €226, ) - 32.1" 2.81 -
Other acids
C16:0, C16:1, C18:0, C18:1, ~ ~ ~
Poultry C182, C18:3 0.90 39.4
Used . .
Others Depends on fresh cooking oil ~ 0.90 - 447 25 -

cooking oil

# Kinematic viscosity at 38
> Kinematic viscosity at 38

tH101.

T, mm%/s
T, mm%/s

AuHos HEAFAS FEAAPIE
=
o

palmitic, stearic, oleic, linoleic, ~22]al linolenic

5717

F9g ARzl qlrk Eel@elAetol

S(FAA 7 TAH o2 e 2 o) ZF Al
1 moled] At ~HZE AAEe] & 3 mole?)
AR 2 ZE A ez ZPAER
ke t14]. vle] et S FAJskE Aol QlofA
o] M#Hg eSS o83k Zlo] UnkHolr

< o83l A% vlo]
T Ad52A9 A% 53 oeke 7+
o] Aggt BajAS Aejetal ArhlE mEE ve
=5 o] &% HWEdAHZ PH HolotAdS A

3
= o] Fash ol 2 AR AgHom
SEEE]
REAQ vlolord A FA AAE 98
WSEAS WA olsdld Wask Uk AA,
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R'COOCH, R'COOCH;  CH,OH
R‘?COOC‘H +3 CH;OH : R?*COOCH; * C‘JHOH
R*COOCH, R¥*COOCH; CH,0OH

TG Methanol Methyl Ester Glycerin

a8 1. SMX|gkel MolekS
Fig. 1. Transesterification of triglyceride
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Fig. 3. Saponication of a fatty acid
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Fig. 4. Homogeneous acid—catalyzed reaction mechanism
for the transesterification of triglycerides
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Table 3. Comparison between liquid methanol
(MeOH)and supercritical methanol (sc MeOH)

CH3OH scCH3;OH

Properties (25°C, 1bar) (250C, 200bar)

Density (g/cm”) 0.80 0.27
Ionic product, log Kw -0.77 N/A
Dielectric constant 32.6 7.2
Viscosity (Pa - s) 54 x 10 058 x 10*
Hydrogen bonding No. 1.93 <07

Solubility parameter,
(MPa)"?
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Fig. 7. Schematic diagram of biodiesel production by
supercritical methanol
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Table 4. The yield according to FFA and water content (Wt%) in various biodiesel production processes

FFA content Water content

Vegetable oil

Yield of methyl ester, wt%

(wt36) (wt26) Alkaline-catalyzed  Acid-catalyzed Sﬁ:{g;ﬁ;al
Rapeseed oil 2.0 0.02 97.0 98.4 98.5
Palm oil 5.3 2.1 94.4 97.8 98.9
Used Frying oil 5.6 0.2 94.1 97.8 96.9
Waste palm oil >20.0 >61.0 No reaction No reaction 95.8
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Table 5. Advantages and disadvantages for different types of catalysts used in the biodiesel production

Type Example Advantage Disadvantage
Alkali
Low FFA requirement, anhydrous
High catalytic activity, low conditions, saponification,
Homogeneous NaOH, KOH cost, favorable kinetics, modest emulsion formation, more
operation conditions wastewater  from  purification
disposable
Low FFA requirement, anhydrous
Ca0, CaTiOs, CaZrOs, Noncorrosive,  environmentally conditions, more wastewater from
Ca0-CeO,, CaMnQOs, CaFexOs, bengin, recyclable, fewer purification, high molar ratio of
Heterogeneous KOH/Al:Os, KOH/Nay, disposal problems, easily alcohol to oil requirement, high
AlLOy/KI, ETS-10 zeolite, separation, higher selectivity, reaction temperature and
alumina/silica supported Ko2COs  longer catalyst lifetimes pressure, diffusion limitation, high
cost
Acid
e e i t ion, t
Catalyze esterification and Equipmen co.rr o§1on m.or.e waste
o . from neutralization, difficult to
. . transesterification . .
Homogeneous Concentrated sulphuric acid . . recycle, higher reaction
simultaneously, avoid  soap . .
. temperature, long reaction times,
formation . ..
weak catalytic activity
ZnO/b, ZrOy/SOf , TiOy/SOL
carbon-based solid acid catalyst, Catalyze  esterification  and . . .
K . . Low acid site concentrationsm
carbohydrate—derived catalyst, transesterification . . en .
Heterogeneous L. . . low MmiCcroporosity, diffusion
Vanadyl phosphate, niobic acid, simultaneously, recyclable, limitations. hieh cost
Amberlyst-15, Nafion—-NR50, eco—friendly e
sulphated zirconia
Candida antarctica fraction B . .
. . . Avoid soap formation, . .
Enzyme lipase, Rhizomucor micher . K L Expensive, denaturation
. nonpolluting, easier purification
lipase
A AP o] QAEe] FAHA ol A S| F s RS LAUTHIG, 19]. o]&H oz ol
NE WS felsith S b RAEE Age  suzZswgeli 3R] dhmes) 194 Ee3
EFEgEo] e e olFA ste] kel A gAgtel =7t Hasith HEke] dase FHe A
2 9k &wh e, W osEER 98] Adkshe) ALgHE e
G717 Bl #dEFEE g7 AlSEolE, 4R 1Y e g3 Bl EHl= #
v Fule] 4 Sol nteletdl Ak 3-8F 1L < ARFEQE O B daHE dES @ 4 it
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2 it aRAYHe SohE 22 AHRTHISL Fojgrel s Bk A2l B0 olgor F)
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