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SecondSecond GenerationGeneration Biofuels Biofuels 

fromfrom AlternativeAlternative ResourcesResources

First Generation Second Generation

Final Product FAME FAME
Green diesel
Green biofuel
(power, heat, steam)

Feed Stock Vegetable Food Oil Crude/waste vegetable oils and animal oil fats
Non-edible oils
High FFA oils
Refining side-streams

Technology Akaline
transesterification

Acid esterification + alkaline transesterification
Hydrocracking
Refining technology

Considerations Food ↔ fuel
Sustainability ?

Technical, non-food oils
High sustainability
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1st GENERATION 1st GENERATION 

FEEDSTOCKSFEEDSTOCKS

••PalmPalm

�

SoyaSoya

••RapeseedRapeseed

Total Operating Costs

11%

1%

1%

0%

0%

2%

85%

CHEMICALS

MANPOWER

UTILITIES

MAINTENANCE

TAXES & INSURANCE

DEPRECIATION

FEEDSTOCK

ProfitabilityProfitability of of 

biodiesel plantsbiodiesel plants

dependsdepends largelylargely on on 

feedstockfeedstock priceprice

Biodiesel Biodiesel industryindustry

onlyonly viable if viable if enoughenough

feedstockfeedstock isis availableavailable

atat ‘‘acceptableacceptable’’ priceprice
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BIODIESEL BIODIESEL 

PRODUCTION COSTPRODUCTION COST
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High acidity feedstocksHigh acidity feedstocks

Animal fats: Animal fats: tallow, lard, poultry, etctallow, lard, poultry, etc

-- Used Cooking Oil (UCO)Used Cooking Oil (UCO)

--SideSide--streams of oil refining: streams of oil refining: 

acid oils (AO), acid oils (AO), soapstocksoapstock, FAD, FAD

-- Cheaper feedstocksCheaper feedstocks

-- More complex process (extraction,More complex process (extraction,

pretreatment, acid esterification)pretreatment, acid esterification)

-- BIOFUEL & BIODIESELBIOFUEL & BIODIESEL

New New ‘‘triglyceridetriglyceride’’ oilsoils

-- Jatropha oil Jatropha oil 

-- Algae oilAlgae oil

ALTERNATIVE FEEDSTOCKS
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-- Standard technology can be usedStandard technology can be used

-- High quality BIODIESEL at high High quality BIODIESEL at high 

yieldyield

ALTERNATIVE ALTERNATIVE 

FEEDSTOCKSFEEDSTOCKS
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CONTENTCONTENT

•• QualityQuality considerationsconsiderations for biodiesel for biodiesel fromfrom highhigh acidityacidity feedstocks  feedstocks  

•• Issues Issues specificspecific for biodiesel for biodiesel fromfrom usedused cooking cooking oilsoils

•• ImprovedImproved technologies for technologies for processingprocessing the alternative feedstocks the alternative feedstocks 

Case Case studystudy: : variousvarious animal fats   animal fats   

PhysicalPhysical & & chemicalchemical changes changes duringduring fryingfrying

Stand Stand alonealone processprocess

IntegratedIntegrated

Via Via oleochemicalsoleochemicals

Case Case studystudy: : crudecrude vegetablevegetable oilsoils
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BIODIESEL QUALITY BIODIESEL QUALITY 

STANDARDSSTANDARDS

ASTM D6751 ASTM D6751 

(USA)(USA)
SoybeanSoybean

biodieselbiodiesel

EN14214 EN14214 

(EU)(EU)
RapeseedRapeseed

biodieselbiodiesel

Viscosity at 40Viscosity at 40°°C (C (cSTcST)               1.9)               1.9--6.0                      3.16.0                      3.1--4.1                          3.54.1                          3.5--5.05.0 3.53.5--5.05.0

Total sulphur (ppm)                     < 15Total sulphur (ppm)                     < 15 N.D.                               < 10N.D.                               < 10 < 10< 10

Acid value (mg KOH/g)              < 0.5                        Acid value (mg KOH/g)              < 0.5                        0.1                                < 0.5                     0.1                                < 0.5                     < 0.1< 0.1

Ester content (%w/w)                    Ester content (%w/w)                    ---- > 96.5> 96.5

Phosphorus (ppm)                       < 10                     Phosphorus (ppm)                       < 10                     < 1                                 < 10                 < 1                                 < 10                 1 1 -- 33

+ CFPP & CP+ CFPP & CP

ConversionConversion of of crudecrude oilsoils intointo

biodieselbiodiesel

Two-step procedures: ratio MeOH/fat: 6 mol/1mol

I: 

1st step: alkaline transesterification: 
catalyst: neutralisation FFA + 5 mol %

2nd step: acid esterification: 
H2SO4: neutralistion catalyst + 5 mol %

Condition: < 10 % FFA

II:

1st step: acid esterification: H2SO4: 20 mol % (FFA)

2nd step: alkaline transesterification: 
catalyst: neutralisation H2SO4 + 5 mol %
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TechnologyTechnology forfor the the conversionconversion of of 

high FFA high FFA crudecrude oilsoils intointo BiodieselBiodiesel

1. Warming up to 60°C in I

2. Neutralisation FFA, 
transesterification (II)

3. Acid esterification

4. Recuperation methanol (II)

5. Separation glycerol (III)

6. Washing step (II or III) 

I

Heating

60°C

II

65 °C

90 ‘

III

Separator

1 1
5

4
Methanol Biodiesel

2

KOMe

MeOH

3

H2SO4

Crude
Oils

Reaction steps:

6

Glycerine
layer
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FEEDSTOCK FEEDSTOCK 

PRETREATMENTPRETREATMENT

* To * To avoidavoid processprocess problemsproblems and and productproduct losseslosses

* * RemovalRemoval of free of free fattyfatty acidsacids, , gumsgums, , polyethylenepolyethylene,   ,   

sulphur, insoluble sulphur, insoluble impuritiesimpurities, , ……

CRUDE oil/fat (high FFA & P)CRUDE oil/fat (high FFA & P)

Neutralization

Chemical pretreatment

Washing or 
silica filtration

Crude

Biodiesel

TRANSESTERIFICATION

Soapstock

Acid Oil

Physical deacidification
steam refining

Physical pretreatment

Acid degumming

FAD

Acid Gums

Washing or 
silica filtration
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REMOVAL of SREMOVAL of S--COMPOUNDS COMPOUNDS 

fromfrom ANIMAL FATSANIMAL FATS

Acid degumming (+ water washing)

TallowTallow
25 ppm25 ppm 70 ppm70 ppm

Silica treatment

Stripping

Transesterification

Distillation (95% yield)

15 ppm15 ppm

< 5 ppm< 5 ppm

19 ppm19 ppm

17 ppm17 ppm

30 ppm30 ppm

32 ppm32 ppm

13 ppm13 ppm

6 ppm6 ppm

6 ppm6 ppm

Good quality feedstocks:Good quality feedstocks:

< 10 ppm after               < 10 ppm after               

pretreatmentpretreatment

Poor quality feedstocks:Poor quality feedstocks:

Distillation Distillation mightmight

bebe requiredrequired
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FATTY ACID FATTY ACID 

COMPOSITIONCOMPOSITION

Soybean ---- ---- 8 7

C12:0     C14:0      C16:0    C18:0    C18:1   C18:2    Other

----

Rape Seed ---- ---- 4 20 15

Sunflower ---- ---- 6 61 1

Beef tallow ---- 25 4 9

Jatropha  ---- ---- 15 36

Palm 2

4

1

4

19

7

5

28 

60

28

40 

41

41 ----42

3

10

1

Lard ---- 26 10 718 372

Chicken fat ---- 23 19 96 42 1

53
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UCOUCO TallowTallow PalmPalm--FADFAD

Iodine Value Iodine Value 90             90             90                  90                  6262 62               62               80           80           8080 52           52           5252

PhosphorusPhosphorus 2              2              < 1                < 1                4            4            < 1              < 1              206         206         N.D.         N.D.         N.D.         N.D.         N.D.N.D.

Cloud Point (Cloud Point (°°C)                        14              C)                        14              1    1    ---- 7.8             7.8             11.5         11.5         2.3           2.3           37.2          37.2          10.510.5

CFPP (CFPP (°°C)                                                    C)                                                    00 99 ---- ---- > 10> 10

MonoMono-- & diglycerides (%)          & diglycerides (%)          ---- N.D.             N.D.             ---- N.D.           N.D.           ---- 0.15           0.15           ---- 0.200.20

Acid value (mg KOH/g)             8.0           Acid value (mg KOH/g)             8.0           0.25              0.25              15.415.4 0.4             0.4             3.7          3.7          0.16          0.16          183           183           0.80.8

FeedstockFeedstock Chicken FatChicken Fat

FAMEFAME

Viscosity at 40Viscosity at 40°°C (C (cSTcST)              )              ---- ---- ---- 4.5              4.5              ---- 5.1            5.1            ---- ----

OILOIL OILOIL OILOIL OILOILFAMEFAME FAMEFAME FAMEFAME

QUALITY of BIODIESEL QUALITY of BIODIESEL 

FAME from alternative feedstocks has too high Cloud Point and FAME from alternative feedstocks has too high Cloud Point and 

CFPP for direct use as BIODIESELCFPP for direct use as BIODIESEL
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CRUDE ANIMAL FAT CRUDE ANIMAL FAT 

Pretreatment/Refining

FAME

TRANSESTERIFICATION

DRY FRACTIONATION

OLEIN-FAME STEARIN

FAME

OLEO

45-60% 40-55%

FeedstockFeedstock

FAMEFAMEOILOIL

OLEIN FAMEOLEIN FAME

Iodine Value Iodine Value 62           62.6           76.6           84.162           62.6           76.6           84.1

Phosphorus (ppm) Phosphorus (ppm) 4             < 1              < 1            <14             < 1              < 1            <1

Acid value (mg KOH/g)       3.0          0.2              0.2   Acid value (mg KOH/g)       3.0          0.2              0.2   0.30.3

MonoMono-- & diglycerides (%)    & diglycerides (%)    ---- 0.15             0.1           0.10.15             0.1           0.1

Cloud Point (Cloud Point (°°C)                   C)                   ---- 5.0              5.0              --0.5          0.5          --4.54.5

ANIMAL FATANIMAL FAT

11 22

Fractionation yield (%)        Fractionation yield (%)        ---- 100              60             45100              60             45

FRACTIONATIONFRACTIONATION
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BIODIESEL BIODIESEL fromfrom USED USED 

COOKING OILCOOKING OIL

Definition: Oils and fats that have been used for cooking and

deep-frying, leading to oxidation and thermal degradation

Chemical

reactions:       Thermolytic: radical reaction, dimerization/polymerization

Oxidation ���� polar content
Hydrolysis ���� FFA

Effect: Lower ester content, higher FFA

Higher viscosity and CP: dimers
Higher total contamination: higher polar content
Lower oxidative stability
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EXPERIMENTAL DESIGNEXPERIMENTAL DESIGN

Industrial UCO
P < 10 ppm, FFA = 2-4%

PF = 20-25%

Silica filtration

Physical deacidification (stripping)

Pre-treated oil

Transesterification

Refined RSO
P < 1 ppm, FFA < 0.1%

PF = 3.5%

Heating tests (0-40h)

FAD

Glycerine

DistillationBiodiesel
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POLAR CONTENT of RSOPOLAR CONTENT of RSO

0

5

10

15

20

25

30

35

0 5 10 15 20 25 30 35 40 45

time, h

%
 p

o
la

r

time (h) % polar

0 h 3,4

10 h 12,0

20 h 17,6

30 h 25,4

40 h 32,7

• Polymeric TAG

• Dimeric TAG

• Oxidized TAG
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Viscosity (at 40 Viscosity (at 40 °°C) of transC) of trans--

esterifiedesterified and distilled samplesand distilled samples

Samples
Viscosity of transesterified

oils, mm2/s
Viscosity of distilled

FAME, mm2/s

0 h RSO 4,43 4,51

20 h RSO 4,79 4,56

UCO 1 6,13 4,11

UCO 2 6,42 4,87

40 h RSO 5,78 3,69

0

1

2

3

4

5

6

7

0 h RSO 20h RSO 40h RSO UCO 70701 UCO 71021

samples

v
is

co
si

ty
, 

m
m

2
/

s

TE DST EN14214 ASTM
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OxidativeOxidative StabilityStability IndexIndex

Samples OSI of oil, h OSI of TE oils, h OSI of DST, h 

0 h RSO 7,83 5,95 3,4

20 h RSO 0,43 1,33 1,05

40 h RSO 0,73 0,53 0,38

UCO 1 2,75 3,2 1,88

UCO 2 2,45 3,3 1,45

0

1

2

3

4

5

6

7

8

9

0 h RSO 20h RSO 40h RSO UCO 70701 UCO 71021

samples

o
x

id
a

ti
o

n
 s

ta
b

il
it

y
, 

h

Oil

TE

DST

OSI OSI atat 110110°°CC

EU: 6 h minimumEU: 6 h minimum

ASTM: 3 h minimumASTM: 3 h minimum

- via methyl esters                                    - via oleochemicals

1. stand alone

2. integrated

20

IMPROVED BIODIESEL IMPROVED BIODIESEL 

PRODUCTION TECHNOLOGYPRODUCTION TECHNOLOGY

Biofuel
CHP

Animal Fat
Pretreatment

Biodiesel

FFA

Transesterification

Glycerine

+

Esterification Esterification
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Stand Stand alonealone AE AE processprocess

21

Objective:  Objective:  Conversion of Conversion of poorpoor qualityquality feedstocks feedstocks withwith highhigh acidacid value value 

intointo highhigh qualityquality biodiesel biodiesel atat the the highesthighest possible possible yieldyield

FFA +FFA +
acid

H2O ++CH3OH FAME

CurrentCurrent technologytechnology: : ProcessProcess withwith liquidliquid sulphuricsulphuric acidacid as as catalystcatalyst

UndesiredUndesired processprocess (High (High temperaturetemperature/pressure)/pressure)

Strict construction Strict construction materialmaterial requirementsrequirements

New New technologytechnology:       :       ProcessProcess withwith solidsolid ‘‘acidacid’’ catalystcatalyst

MilderMilder processprocess conditions, no conditions, no productproduct purificationpurification

SolidSolid ‘‘acidacid’’ catalystcatalyst: : Ion exchange Ion exchange ResinResin type (type (commerciallycommercially availableavailable) ) 

Enzyme cocktails (Enzyme cocktails (technologytechnology underunder developmentdevelopment))

22

Combination acid esterification Combination acid esterification 

and alkaline transesterification and alkaline transesterification 

Acid Esterification

Dry Methanol
+ 

Pretreatment

Steam Refining

FAD

Acid catalyst

FeedstockFeedstock

Neutral oil

Transesterification

Glycerin BIODIESEL

Dry Methanol
+ 

Alkaline catalyst

Gums

FFA are FFA are removedremoved fromfrom the the oiloil

duringduring steamsteam refiningrefining, , collectedcollected as as 

FAD and FAD and convertedconverted separatelyseparately intointo

FAME via FAME via acidacid esterificationesterification



EsterificationEsterification

glycerolglycerol

Removal of FA from oil (b)

Strategies for conversion of high Strategies for conversion of high 

acidic oils into biofuelsacidic oils into biofuels

Feedstock

Pretreatment

Steam refining

Transesterification

Gums

FAD

Neutral oil

Biodiesel

Biofuel
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EsterificationEsterification

glycerolglycerol

Esterification of high Esterification of high acidicacidic

oilsoils withwith glycerol (1)glycerol (1)

• Parameters: T : 200 °C

P : 90 mbar

Ratio: fat/glycerol

Catalyst: without, pTSA

Experimental data:

• Influence of catalyst on FFA-content

• Analysis of acylglycerides (process without catalyst)



Esterification of high Esterification of high acidicacidic oilsoils withwith

glycerol (2)glycerol (2)

InfluenceInfluence of of catalystcatalyst onon FFAFFA--contentcontent

11.5015.233.42

17.7123.662.42

4.997.125.42

7.8810.704.42

28.2539.641.42

60.3166.930.42

71.4871.480

1% p-TSANo catalystTime(h)

62 rpm

FFA/glycerol: 1/1 mol (33%)

Esterification of high Esterification of high acidicacidic oilsoils

withwith glycerol (3)glycerol (3)

AnalysisAnalysis of of acylglyceridesacylglycerides

7.98

8.42

9.57

11.43

14.23

23.31

Glycerol %

36.16

31.65

31.44

29.75

25.84

0

MG

39.00

37.11

33.87

28.32

21.33

3.78

DG TGFFA %Time

7.5411.293.42

5.5719.662.42

10.104.625.42

8.996.964.42

3.8530.571.42

1.9870.630

Conditions: 200°C; no catalyst; FFA/glycerol 1/1; 620 rpm
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Thermal Fat Splitting followed Thermal Fat Splitting followed 

by acid esterification by acid esterification 

Acid Esterification

Pretreatment

Thermal Fat Splitting

FeedstockFeedstock

Pure FA 

Pure
Glycerin

BIODIESEL

FA Distillation

Dry Methanol
+ 

Acid catalyst

MonoMono--, di, di-- and and triglyceridestriglycerides in the in the 

feedstockfeedstock are are convertedconverted intointo FFA FFA 

withwith separationseparation of pure glycerine.  of pure glycerine.  

PurifiedPurified FFA are FFA are convertedconverted intointo FAMEFAME

via via acidacid esterification  esterification  

MultiMulti--stage stage processprocess requiredrequired

to to achieveachieve requiredrequired highhigh degreedegree

of conversion of conversion 

RefiningRefining of of CrudeCrude AnimalAnimal Fats Fats 

forfor Biofuel Biofuel ProductionProduction
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Degumming
citric acid

Animal Fat 
(2000ppm P)

H2O
Wash

Stripping
260 °C/4mb

Neutralisation
NaOH / 95 °C

Silica (0,2 %)
Citric acid

Polishing
filter

Biofuel

FFA < 1 %
P < 10 ppm
Ash < 10 ppm
Caloric value : ~38.000 MJ/ton

P-compounds FFA Soaps
P-compounds

P+metals
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CONCLUSIONSCONCLUSIONS

•• ProcessingProcessing lowlow qualityquality rawraw materialsmaterials allowsallows to a biodiesel to a biodiesel producerproducer to:to:

•• DecreaseDecrease the the overalloverall production production costcost

•• EnlargeEnlarge the plant the plant flexibilityflexibility

•• AvoidAvoid the the «« foodfood vsvs fuelfuel »» debatedebate

•• ImprovedImproved production technologies are production technologies are neededneeded to convert such to convert such 

feedstocks into high quality biodiesel at the highest possiblefeedstocks into high quality biodiesel at the highest possible yieldyield

•• Important biodiesel Important biodiesel qualityquality parametersparameters are are feedstockfeedstock relatedrelated::

•• Animal fats: SAnimal fats: S--content; PE content; cold flow content; PE content; cold flow propertiesproperties

•• UCO: ester content; UCO: ester content; viscosityviscosity; OSI; total contamination; OSI; total contamination

postpost--treatmenttreatment isis oftenoften requiredrequired
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