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A
Acid-catalyzed FAE synthesis
direct (in situ) transesterification, 58-59
general principles, 57-58
transesterification and, 73
Acid-caralyzed pretreatment
transesterification, 43
Acid value, analytical methods, 107
Acidification, 378-383
Acrolein, and value-added markets of glycerol,
448-449
Acrylic acidf acrolein, and value-added markets
of glycerol, 448—449
Acylglycerols, analytical methods, 99-104
Admixtures of biodiesel, 183-184
Agriculture
bovine spongiform encephalopathy (BSE),
48-49, 395
CoO, reduction/environmental impacts and, 310
credit procedures of rape, 377-378
fuel legislation and, 305
land use changes and, 385-387
and potential U.S. biodiesel production,
391-393
South American beef tallow, 334
state legislation and, 311-312
total annual production of U.S. fats/oils,
394-395
unit conversions (Appendix C) for, 479
Alcohols
analytical methods
flash point, 107-108
methanol content, 108
properties of C -C, alcohols, 32
Algal oil. See Microalgae
Alkali-caralysts
microwave enhanced transesterification, 57
monophasic transesterification, 57
Alkyl esters. See also Biodiesel; Transesterification
medium/branched, 181-183
transesterification
reaction, 33
as reversal reaction, 35
viscosity values and, 143-145
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Allocation procedures and LCA, 377-378
Alternative diesel fuels
ASTM standards and, 405
and dilution with petrodiesel, 408—411
hydroprocessing (deoxygenation) and,
426428
microemulsions/co-solvent blends
component selection, 412
engine performance/durability/exhaust
emissions, 419423
pre-combustion/combustion chemistry,
418419
TAG/amphiphile/alcohol, 413-418
outlook for, 428429
pyrolysis and, 423426
and vegetable oil/fat combustion,
405-408
American Oil Chemists’ Society (AOCS), on fuel
quality, 40
American Society of Testing and Materials
(ASTM), 147, 299, 301, 312. See also
Standards
American Soybean Association, 305
American Workers, State and Business Relief
Act, 306
Amphiphile, 413418
Analyrtical methods
alcohol
flash point, 107-108
methanol content, 108
biodiesel blends, 119-122
heating oil use, 122-123
on-vehicle blend sensors, 122
biodiesel in lubricating oil, 119
carryover elements
copper strip corrosion, 110
mercury, 110-111
phosphorus, 110
sulfur, 109-110
catalysts
calciurn/magnesium, 109
carbon residue, 108
sodium/potassium, 108-109
sulfated ash, 108
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Analytical methods (continued)
FFA
acid value, 107
fuel/physical properties
cerane number (CN), 111-112
cloud point (CP), 112
cold-filter plugging point, 112
cold flow, 112
density, 112
distillation temperature, 113
kinematic viscosity, 111
lubricity, 112
oxidative stability, 112-113
total contamination, 113
water and sediment, 113
general principles, 97-98
for HD engine emissions (dynamometer test),
254
HPLC versus GC, 101-104
for lubricating oil dilution, 226
production-related/natural contaminants
enzymatic analyzation of glycerol, 104
glycerols/acylglycerols/esters, 99-104
GPC and glycerol, 105
LC/GC combination and glycerol, 105
reversed-phase HPLC and glycerol,
104-105
reaction monitoring
chromatographic/spectroscopic monitoring,
115-118
viscometry, 118-119
restrictions on FA profile
content of FAME with 4 double bonds,
105
iodine value (IV), 105
kinematic viscosity, 106-107
linolenic acid methyl ester content, 106
reason for, 105
reversed-phase HPLC and, 104-105
sterols, 114-115
steryl glucosides, 115
test methads for biodegradability, 231-232
TGA for pressure-atomization characteristics,
407-408

Antioxidants

oxidative stability and, 210-212
storage stability and, 42-43

Arachic (eicosanoic) acid, properties of

(Appendix A}, 461

Arbeitsgemeinschaft Qualititsmanagement Biodiesel

(AGQM), 213-214

Argentina, 335-336
Aromatic hydrocarbons, stability of, 25
Asia, biodiesel in. See also Japan, biodiesel in
China, 355
and competitiveness of palm oil, 358-361
importance, 358
India, 356
Indonesia, 361-362
Japan, 356-357
Malaysia, 360-361
the Philippines, 357
Singapore, 362
South Korea, 356-357
Taiwan, 356-357
Thailand, 357
Association for the promotion of Qil and Protein
Plants, 484
ASTM D6751
(Appendix B), 471
production/storage issues and, 3
ASTM D7467 (Appendix B), 472
Atom economy in glycerol conversion, 443444
Australia, 475, 484
Austria, 484
Austrian Biofuels Instituce, 484
Aurtoignition, 22-23

B

Balance-point temperature (BPT), 264-265
Ball-on-three-disks (BOT D) procedure, 220
Base caralysis, transesterification and, 71-73
Behenic (docosanoic) acid, properties of
(Appendix A), 461
Biodegradabiliry
biodiesel and, 2
blends and, 233
soil flask results, 234-236
test methods for, 231-232
test results for, 232-233
Biodiesel
BSFC of, 24
defined, 1-3
feedstocks for, 1
first use of term, 13-14
historical aspects
background/fuel sources, 7-9
biodiesel since 1970, 1314
Diesel, Rudolph, 5-7
first “biodiesel”, 12
technical aspects, 9—11
process low scheme for production, 36-37



in United Staces
after-treacment technology, 308
CO, reduction/environmental impacts,
309-310
economic development, 310
energy security, 304-306
future growth areas, 312-313
historical aspects, 299-301
human health impact decrease, 306308
industty status (2009), 302-303
reduction of foreign oil dependency,
304-306
since 2004 (EPA requirements), 301-302
since 2004 (markert drivers), 303—-304
state legislation, 310-312
Biodiesel blends. See Blends
Biofuels Association of Australia, 484
Bioheat, 313
Biological oxygen demand (BOD,), 236--238
BIOSTAB project
oxidative stability and, 212-214
Blends
analytical methods, 119-122
heating oil use, 122-123
on-vehicle blend sensors, 122
ASTM D6751 (Appendix B) and, 472
biodegradability and, 233-234
BPT and, 264-265
Columbia and, 338
EPA and, 307
and industrial realization for mass production,
135-136
microemulsions/co-solvent blends
component selection, 412
engine performance/durability/exhaust
emissions, 419423
pre-combustion/combustion chemistry,
418-419
TAG/amphiphile/alcohol, 413418
miscibility and, 1
NOx emissions and, 262263
and principle of discrimination sensor, 132-134
ratio in Germany/EU, 324
Boiling point, of C,-C, alcohols, 32
Bolivia, 337
Bound glycerol, transesterification and, 4041
Bovine spongiform encephalopathy (BSE), 395
Brake specific fuel consumption (BSEC)
heat of combustion and, 24
Brassica carinata
transesterification and, 35
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Brazil, biodiesel in
animal fat as lipid source in, 349
biodiesel auctions, 345-346
biodiesel in, 341-349
Brazilian NBR 15512 (Appendix B), 476
distribution of plants in, 347-348
as ethanol producer, 342
historical aspects of biodiesel, 341-342
Internet resources for, 484
National Program for Biodiesel Production
and Use, 342-344
production/production capacity in, 342-345,
349
use of ethanol in, 31
Bush, George W., 306
Butylated hydroxytoluene
storage stability and, 4243
Burtylated hydroxytoluene (BHT), 211-212

C

Calcium/magnesium
analytical methods, 109
Calibration
injection timing and NOx emissions, 259-260
California Air Resources Board
aromatic hydrocarbons and, 25
Canada, 427, 484
Canadian Renewable Fules Association, 484
Candida sp., 75-76
Canola oil, cold flow properties and, 151
Capric (decanoic) acid, properties of
(Appendix A), 458
Caprylic (octanoic) acid, properties of
(Appendix A), 458
Carbon, emissions and, 253
Carbon monoxide (CO)
as emission, 253
HD engines and, 255-257
Carbon residue
analytical methods, 108
from pyrolyzation to sediment, 27-28
Carryover elements
analytical methods
copper strip corrosion, 110
mercury, 110-111
phosphorus, 110
sulfur, 109-110
Caralysis
commercial processes of, 79
esterification and, 68-70
future outlook of, 79-80
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Caalysis (continued)
general principles, 67
heterogeneous versus homogeneous, 78-79
NOx emission control catalysts and
performance, 266
transesterification
acid catalysis, 73
base catalysis, 71-73
enzyme catalysts, 74-78
general principles, 70-71
metallic catalysts, 73-74
nacural clays/silicates, 73
Catalysts
acid-catalyzed FAE synthesis
direct (in situ) transesterification, 58—59
general principles, 57-58
alkali-catalysts
microwave enhanced transesterification, 57
monophasic transesterification, 57
analytical methods
calcium/magnesium, 109
carbon residue, 108
sodium/potassium, 108-109
sulfated ash, 108
transesterification
acid-catalyzed pretreatment, 43
types/reaction parameters, 34-35
uncatalyzed ester production, 59-60
Cetane number (CN)
analytical methods, 111-112
autoignition properties and, 23
derived cetane number (DCN), 140
historical aspects, 12
petrodiesel/biodiesel and, 3
principles of, 137-138
properties of esters of fats/oils (Appendix A),
464-466
properties of various fats/oils (Appendix A),
463
soybean oil and, 247-248
Chavanne, C. G,, 12
Chemical oxygen demand (COD), 236-238
Chile, 337-338
China, 355
Chlorella protathecoides, 425
Chromatographic/spectroscopic analytical
methods of monitoring reactions,
115-118
Classes of compounds, 99
Clean Air Act Amendments (1990), 13, 301
Clinton, Bill, 305

Cloud point (CP)
analytical methods, 112
cold flow properties and, 148-152
correlating CFPP/LTET versus, 177
effects on biodiesel, 176-177
and FAME treated wich CFI additives,
173-174
low temperature operation and, 25-26
properties of esters of fats/oils (Appendix A),
464-466
properties of various fats/oils (Appendix A),
463
quality and, 3
Co-solvent blends. See Microemulsions/co-
solvent blends
Coconut oil
as alternative biodiesel fuel, 407
and competitiveness of Asian market,
358-361
the Philippines and, 357
properties of esters of (Appendix A), 464
Code of Federal Regulations (CFR), emissions
and, 253
Cold filter plugging point (CFPP)
analytical methods, 112
cold flow properties and, 150-151, 153
correlating CFPP/LTFT versus CB, 177
correlation versus cloud point, 153, 155
Cold flow properties
analytical methods, 112
and performance, 168-169
Brazil and, 349
soybean oil and, 247
of vegetable oil/petrodiesel blends, 410411
Cold soak hltration test, 149
Cold weather properties
alternative lipid feedstocks, 154-155
and analysis of minor constituents, 167-168
of biodiesel, 151-154
biodiesel admixtures and, 183184
of blends, 161-166
cold soak filterability and, 170-171
correlating CFPP/LTFT versus CB, 155-157
of diesel fuel, 149-151
differential scanning calorimetry (DSC) and,
157-160
effects of minor constituents on, 166-167
effects on performance of, 168-169
fractionation
dry, 185-186
effects on other properties, 190-191



general principles, 184185
other processes, 190
solvent, 187-188
urea, 188-189
wax crystallization modifiers (WCM), 187
furure outlook and, 191-192
improver additives
correlating CFPP/LTFT versus CP, 177
effects on biodiesel, 176-177
effects on CP/PP of FAME, 173-174
pour point depressants (PPD), 174-175
wax crystallization modifiers (WCM),
175-176
improver additives development
crystalline structures of FA alkyl esters,
178-179
fatty compound derivatives, 180
general principles, 177-178
other derivatives, 180-181
improving, 171
low temperature rheology and, 160-161
medium/branched chain alkyl esters, 181-183
solid precipitate removal and, 171
source references for survey, 156
and thermodynamics of biodiesel
crystallization, 172-173
Columbia, 338-339
Combustion of diesel engines
autoignition properties and, 23
corrosion and, 26-27
emissions
aromatic hydrocarbons, 24-25
NOx, 23, 29
particulate, 22-23
temperature, 257-258
flashpoint and, 28
general operating principles, 21-22
and heat of combustion, 24
low temperature operation and, 25-26
microemulsions/co-solvent blends
pre-combustion/combustion chemistry,
418419
sediment and, 27-28
viscosity and, 26
Commission on Fuels (Belgian Congo), 12
Compressed natural gas (CNG), 300-301
Constant volume combustion apparatus
(CVCA), 139-140
Contaminants (natural/production-related)
analytical methods
enzymatic analyzation of glycerol, 104
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glycerols/acylglycerols/esters, 99-104
GPC and glycerol, 105
LC/GC combinarion and glycerol, 105
reversed-phase HPLC and glycerol,
104-105
problems from, 97
Continuous stirred-tank reactors (CSTR),
transesterification and, 37
Copper strip corrosion, 27, 110
Corrosion, 26-27
Cosolvent blending. See Microemulsification
Cosolvents, transesterification and, 36
Creutzfeldt-Jacob disease, 48—49, 395
Ciritical solution temperature (CST), 412
Crystallization
non-Newton behavior and, 143
thermodynamics of, 172-173
Cuphea oil, 407

D

Density
analytical methods, 112
of C,-C, alcohols, 32
Deoxygenation, alternative biodiesel fuels and,
426428
Derived cetane number (DCN), 140
The Development of the Diesel Engine (Diesel), 5
DF1-4, 137-138
Diagylglycerol (DAG). See also Acylglycerols
cold flow properties and, 166-169, 171
lubricity and, 222
Diatomaceous earth compared with ion exchange
resins, 95
Diesel engines/fuels
combustion
autoignition properties, 23
corrosion, 26-27
emissions, 24-25
flashpoint, 28
general operating principles, 21-22
heat of combustion, 24
low temperature operation, 25-26
NOx emissions, 23
particulate emissions, 22-23
sediment, 27-28
viscosity, 26
new technologies
catalyzed particulate filters, 29
common rail injection systems, 28-29
turbochargers, 29
U.S. consumption of fuel in, 21
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Diesel, Eugen, 6
Diesel exhaust fluid (DEF), as SCR injection of
urea, 29
Diesel, Rudolph, 5-7, 299
Differential scanning calorimetry (DSC), 150~
151, 157-160, 209-210
Differential thermal analysis (DTA), 209
Direct (in situ) transesterification, acid-catalyzed
FAE synthesis and, 58-59
Direct land use change (DLUC), 386
“Directive on the Promotion of the Use of
Energy from Renewable Sources”, 320
Diseases
Creutzfeldt-Jacob disease, 4849, 395
life-cycle assessment (LCA) and, 378
Distillation temperature, analytical methods, 113
Dry wash, 86
Dynamometer test for emissions, 254

E
Economics
annual U.S. sales of diesel fuel (2007),
393-394
Argentina and, 336
Asian. See Asia, biodiesel in
EU feedstock prices and, 323-324
feedstock cost, 49
funding of microalgae as feedstock source, 52
impact of legislative/regulatory incentives on,
2-3
methanol as least expensive alcohol, 31
petroleum-based fuels, historically, 299-300
soybean oil and, 385
taxarion of biofuels, 131
U.S. biodiesel market drivers (2004-2009),
303-304
and use of methanol for biodiesel production,
2
value-added markets of glycerol
acrylic acid/ acrolein, 448—449
atom economy in glycerol conversion,
443444
epichlorohydrin (propane, 1-chloro-2,3-
epoxy), 446448
ethanol/hydrogen, 450—451
ethylene glycol, 449
low-value high-volume markets, 452-453
marketing, 451-452
propanediols/acetol (hydroxyacetone), 443,
445446
propylene oxide, 450

Ecuador, 339
Elae oleifera, 348
Elaeis guineensis, 359
Electrical generation as future growth area,
312-313
Emissions. See also Cetane number (CN)
B20 versus petrodiesel, 307-308
combustion of diesel engines
aromatic hydrocarbons, 24-25
NOx, 23, 25, 28-29, 249
particulate, 22-23
diesel engines as contributors, 253-254
diesel filters and, 263-265
effect of biodiesel source material/additives,
260-263
EPA and, 301
fundamental studies of NOx impact, 257-260
heavy-duty engine emissions, 255-257
life-cycle assessment (LCA) and, 379-380
NOx emission control catalysts and
performance, 266
particulate matter (PM), 263-265
regulations, 254~255
toxic, 263
ultrafine particles in HD engines, 282-289
composition for different particle size class
(results), 287288, 291-293
size distribution of particles (results), 282~
287, 282-289, 292-293
SOF composition (results), 281-282,
288-291, 293-294
specific CO emissions (results), 279
specific HC emissions (results), 280
specific NO emissions (results), 280
specific PM emissions (results), 280-281
total PM from raw exhaust gas (results), 281
WSF composition (results), 282-283
ultrafine particles in HD engines and
in underground mines, 313
unit conversions (Appendix C) for, 480
EN 14213 (Appendix B), 473
EN 14214
Appendix B, 474
production/storage issues and, 3
Energy content. See Heat of combustion
Energy Independence and Security Act of 2007
(EISA), 49, 309
Energy Policy Act, 13, 300, 305, 309
Energy Security and Independence Act of
2007, 13
Energy Tax Act of Germany, 13




Engine management unit (EMU), Euro 111
engines and, 132
Engine oils and lubricity, 226
Die Entstehung des Dieselmotors (Diesel), 5
Environmental implications of biodiesel
general concerns, 375-376
land use changes and, 385-387
life-cycle assessment (LCA)
biodiesel fuel comparisons, 384-385
boundaries/objectives definnitions,
376-377
co-products, 377
rapeseed versus diesel fuel for parameters/
impact categories, 380-381
rapeseed versus diesel fuel foradvantages/
disadvanrages, 382-384
Environmental Protection Agency (EPA)
after-treacment technology, 308
emissions analysis program, 484
and human health impacts, 306-308
life-cycle assessment (LCA)
energetic expenditures/emissions, 379-380,
379-380
equivalence factors for impact categories, 378
Tier 1/2 testing and, 301, 307
Enzyme catalysts
transesterification and, 74-78
EPACT. See Energy Policy Act
Epichlorohydrin (propane, 1-chloro-2,3-epoxy),
and value-added markets of glycerol,
446448
Erucic acid, properties of (Appendix A), 461
Esterification, catalysis and, 68-70
Esters. See also Transesterification
analytical methods, 99-104
induction times and, 209-210
propertics of (Appendix A), 458461
viscosity and, 143-145
Echanol
in Brazil, 31
and properties of C,-C, alcohols, 32
Ethanol/hydrogen, and value-added markets of
glycerol, 450451
Ecthanol production
and alternative fuel goals, 305
Argentina and, 336
Brazil and, 342
by-products as feedstock source, 53
Peru and, 340
Ethanol production by-products
as feedstock source, 53
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Ethyl esters
cetane number (CN) and, 139
cold flow properties and, 152
Ethylene glycol, and value-added markets of
glycerol, 449
Euphorbiaceae, as feedstock source, 50-51
Euro 111 engines, 131-132
European Biodiesel Board, 484
European Committee for Standardization (CEN)
(Appendix B), 469
cold flow properties and, 148-149
European Union (EU)
biodiesel consumption, 321-322
biofuels-related requirements in EU-Action
Plan Biofuels/EU-Summit, 321
current market
capacity/capacity utilization, 319-320
climate protection/renewable energy
package, 320
“Directive on the Promotion of the Use of
Energy from Renewable Sources”, 320
Germany
international markets/trends, 319-320
greenhouse gas (GHG) and, 320, 326-328
Internet resources for, 484
political framework
European Energy Directive/RED,
324-325
regulation for standard production of
biomass, 327-329
and U.S. subsidy policy, 323
Eutrophication, 378, 381-383
Exhaust emissions
biodiesel and, 2
and impact of sulfur, 24-25
unit conversions (Appendix C) for, 480

F
Fatty acid alkyl esters (FAE)
acid-catalyzed
direct (in sicu) transesterification, 58-59
Fatty acid ethyl esters (FAEE), sugar cane as
source of, 54-55
Fatty acid methyl esters (FAME)
analyrical methods, 105
cold flow properties and, 152, 154-155
crystalline scructures of, 178-179
and derivatives from fatty compounds, 180
EN 14213 (Appendix B) and, 473
EN 14214 (Appendix B), 474
in methanol, 54
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Fatty acids (FAs)
analytical methods
content of FAME with 4 double bonds, 105
iodine value (IV), 105
kinematic viscosity, 106-107
linolenic acid methyl ester content, 106
reason for, 105
composition for alternative biodiesel fuels
(Appendix A), 462
oxidative stability and, 205-207
properties of (Appendix A), 458-461
soybean oil and, 247-250
in triacylglycerols, 1
Federal Agricultural Research Center (FAL)
and principle of discrimination sensor, 134
Federal Test Procedure (FTP), 254
Feedstocks for biodiesel
acid-catalyzed FAE synthesis
direct (in situ) transesterification, 58—59
general principles, 57-58
acid-catalyzed pretreatment and, 38-39
and after-treatment technology, 308
alcohol reactants and, 54-55
alkali-catalysts
microwave enhanced transesterification, 57
monophasic transesterification, 57
CFPP/LTFT and, 153
China and, 355
CP/PP of FAME/ethyl esters from, 152
direct FA alkyl ester production via pathway
engineering, 60
EU documentation and, 328-329
factors for expansion/change in, 49-50
general principles, 1
high quality sources
Jatropha curcas, 50-51
microalgae, 51-52
historical aspects, 7-9
low quality sources
ethanol production by-products, 53
soap stock (SS), 53-54
traditional, 52-53
trap grease, 54
and process flow scheme for production,
36-37
refined triglycerides, 47—49
soybean oil and, 248
uncatalyzed ester production, 59-60
Filter Plugging Tendency (FPT)
FStG and, 171
steryl glucosides (StGs) and, 249-250

Filters and PM emissions, 263-265
Flame ionization detector (FID), specifications
for glycerol ester analysis and, 99-100
Flash point
analytical methods, 107-108
biodiesel and, 2
Flashpoint
combustion of diesel engines and, 28
properties of esters of fats/oils (Appendix A),
464466
properties of various fats/oils (Appendix A),
463
Food-fuel debate, 50
Foreign oil dependency, 300-301, 304-306
ForEnergy, 337
Formula, of C,-C, alcohols, 32
Fractionation
dry, 185-186
general principles, 184-185
solvent, 187-188
urea, 188-189
wax crystallizarion modifiers (WCM) and,
187
Free fatty acids (FFA). See also Fatty acids (FAs)
acid-catalyzed pretreatment and, 38-39
analytical methods
acid value, 107
transesterification and, 35
Free glycerol, transesterification and, 41
Freezing point (FP), cold flow properties and,
148-150
Fuel additives, biodiesel as, 401
Fuel consumption, unit conversions (Appendix
C) for, 480-481

G

Gas chromatography (GC), specifications for
glycerol ester analysis and, 99-100
Germany, biodiesel in
blends, 324
climate protection/renewable energy package
and, 320
current market
capacity/capacity utilization, 319-320
international markets/trends and, 317-319
Internet resources for, 484
political framework
Biofuels Quora Act, 325-327
European Energy Directive/RED, 324-325
regulation for standard production of
biomass, 327-329



Glycerol
analytical methods, 99-104
and credit procedures of rape, 378
enzymatic analyzation of, 104
GPC and, 105
ion exchange resins and, 89-90
LC/GC combination and, 105
physical properties of, 442-443
reversed-phase HPLC and, 104-105
technology options
Block Flow Diagram (BFD), 430—440
crude glycerol, 440
crude glycerol refinement, 440442
glycerol esters/polymer applications, 453
low-value high-volume markets, 452-453
transesterification and, 33, 37-38, 4041
value-added markets
acrylic acid/ acrolein, 448-449
atom economy in glycerol conversion,
443444
epichlorohydrin (propane, 1-chloro-2,3-
epoxy), 446448
ethanol/hydrogen, 450-451
ethylene glycol, 449
marketing, 451-452
propanediols/acetol (hydroxyacetone), 443,
445-446
propylene oxide, 450
Gondoic acid, properties of (Appendix A), 461
Government policy. See also Legislation
support programs, 49—50
use mandates, 49
Greenhouse gas (GHG)
EU and, 320, 326-328
life-cycle assessment (LCA) and, 378-383

H
Health, 306-308
Creutzfeldt-Jacob disease, 48-49, 395
life-cycle assessment (LCA) and, 378
Heat of combustion (HG)
combustion of diesel engines and, 24
as facror of suirability, 140
properties of esters of fats/oils (Appendix A),
464466
properties of various fats/oils (Appendix A),
463
quality and, 3
unit conversions (Appendix C) for, 480
Heating oil use
as alternative biodiesel use, 401-402
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analytical methods, 122-123
EN 14213 (Appendix B) and, 473
Heavy-duty (HD) engines
emissions and, 254-257. See also Emissions
ultrafine particles, 282-289
composition for different particle size class
(results), 287-288, 291-293
engine and test conditions, 275-277
fuels, 274-275
general principles, 273-274
impact of temperature during dilution,
277-278
mutagenicity assay, 278-279
mutagenicity potency, 294296, 294-296
size distribution of particles (results), 282~
287, 282-289, 292-293
SOF composition (results), 281-282,
288-291, 293-294
specific CO emissions (results), 279
specific HC emissions (results), 280
specific NO emissions (results), 280
specific PM emissions (results), 280-281
total PM from raw exhaust gas (results),
281
WSF composition (results), 282-283
Heterogeneous catalysis, 78—79
High-frequency reciprocating rig (HFRR),
219-222, 224-225, 408
History of vegetable oil-based diesel fuels
background/fuel sources and, 7-9
biodiesel since 1970, 13—14
diesel engines and, 299-300
Diesel, Rudolph and, 5-7
first “biodiesel”, 12
OPEC oil crisis and, 300-301
technical aspects, 9-11
Home heating oil as future growth area, 312
Homogeneous catalysis, 78-79
Hybrid, 411
Hydrogen, and value-added markets of glycerol,
450451
Hydroprocessing (deoxygenation), alternative
biodiesel fuels and, 426428
Hydroxyacetone, and value-added markets of
glycerol, 443, 445446

I

Ignition delay
cetane number (CN) and, 23
diesel combustion and, 22
NOx emissions and, 262
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Ignition lag
soybean oil and, 10
Ignition quality. See Cetane number (CN)

Ignition Quality Tester (IQT), 139-140. See also

Cetane number (CN)
lllinois legislation, 311
India, 356
Indirect land use change (ILUC), 387
Indonesia, 361-362
Induction time, 209-210, 259-260
International Organization for Standardization
(1SO)
cetane number (CN) and, 138-139
cold flow properties and, 148-149
Internet resources, 484
[odine number
emissions and, 260-261
lodine value (IV)
analytical methods, 105
oxidative stability and, 214
lon exchange resins
comparisons with other technologies
diatomaceous earth, 95
magnesium silicate, 95
water-washing, 94-95
general principles, 85-86
and impurities in crude biodiesel, 86-87
purification
cation (sodium vs. potassium) impact,
90-91
commercial units, 91-94
flowrate impact on capacity/leakage, 90
general principles of experiment, 87-88
glycerol capacity, 89-90
glycerol concentration impact, 90
potassium jon capaciry, 88-89
technology of, 86
[owa State University, 484

Japan, biodiesel in
availabilicy of waste oils/fats, 365-366
general information, 356-357
national standard, 370-371
non-catalytic production method, 371-373
production project (Kyoto City), 366-370
Japanese Standards Association (JSA),
148-149
Jatropha curcas
as alternative biodiesel fuel, 407
Asian markets and, 362

in Chile, 337-338
as feedstock source, 50-51
Jumpstart Our Business Strength (JOBS) act,
13, 306

K

Kinematic viscosity
analytical methods, 106-107, 111
cold flow properties and, 149
historical aspects, 10
petrodiesel/biodiesel and, 3
properties of esters of fats/oils (Appendix A),
464466
properties of various fats/oils (Appendix A), 463
quality and, 3 ’
viscosity values and, 143-145

L
Land use change, 385-387
Lauric (dodecanoic) acid, properties of
(Appendix A), 458
Legislation
American Workers, State and Business Relief
Act, 306
in China, 355
Energy Independence and Security Act of
2007, 49
Energy Independence and Security Act of
2007 (EISA), 309
Energy Policy Act, 13, 300, 305, 309
Energy Security and Independence Act of
2007, 13
Hlinois legislation, 311
JOBS Creation Act of 2004, 13, 306
Renewable Fuels Standard of 2005, 309
state, 310-312
Lenolenic acid, properties of (Appendix A), 460
Life-cycle assessment (LCA)
acidification and, 378-383
boundaries/objectives definnitions, 376-377
co-products, 377
diseases, 378
emissions, 379-380
environmental implications of biodiesel
biodiesel fuel comparisons, 384-385
rapeseed versus diesel fuel for parameters/
impact categories, 380-381
rapeseed versus diesel fuel foradvantages/
disadvantages, 382-384
EPA
energetic expenditures/emissions, 379-380



equivalence factors for impact categories, 378
eutrophication, 381-383
eutrophication and, 378
greenhouse gas (GHG), 378-383
hydroprocessing (deoxygenation) and, 429
oxides of nitrogen (NOx), 379-380
ozone depletion and, 378, 381-383
pollutant emissions, 378, 381-383
rapeseed methyl esters (RME)
versus diese! fuel for parameters/impact
categories, 380381
energetic expenditures/emissions, 379~380
rapeseed versus diesel fuel foradvantages/
disadvantages, 382-384
Light-duty (LD) engines, emissions and,
254-255
Linoleic acid, properties of (Appendix A), 460
Linolenic acid methy! ester content, analytical
methods, 106
Linseed oil, cold low properties and, 151
Lipases and enzyme catalysts, 74-75
Low-temperature flow test (LTFT), 149-150, 153
correlating CFPP/LTFT versus CP, 177
correlation versus doud point, 153, 155, 164-166
Low temperature operation
combustion of diesel engines and, 25-26
Low temperature rheology, 160-161
Lubricating oil, analytical methods, 119
Lubricity
additization of fuels with commercial
biodiesel, 221
additizacion of fuels with mono-/diacylglyerols
compared to methyl esters, 222
additizacion of fuels with soybean oil/methyl
soyate, 221
analytical methods, 112
biodiesel and, 2
engine oils and, 226
methods of measurement, 28
methyl esters and, 220, 222
of neat biodiesel/petrodiesel
standards, 219-220
and oxygenated compounds with 10 carbon
atoms, 222-224
palm oil and, 408
quality and, 3

M

Mad cow disease. See Bovine spongiform
encephalopathy (BSE)
Magnesium/calcium, analytical methods, 109
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Magnesium silicate compared with ion exchange
resins, 95
Malaysia, 360361
Mercury, analytical methods, 110-111
Metallic catalysts, transesterification and, 73-74
Methanot
and alternarive fuel goals, 305
as least expensive alcohol, 31
and properries of C -C, alcohols, 32
transesterification and, 38
use of, 1
Methanol content
analytical methods, 108
Methy! esters. See alie Rapeseed methy! esters
(RME); Transesterification
Argentina and, 335
as cleaning solvents, 402
heat of combustion and, 24
as heating oil, 122-123, 401-402
lubricity and, 220, 222
soybean oil and, 247-250
transesterification and, 33-34
viscosity values and, 143-145
Methyl rers-buryl ether (MTBE)
as cosolvent, 36
Micelles, 411
Micelles/pre-micelles, 414
Microalgae
as feedstock source, 51-52, 397-398
Microemulsification
historical aspects, 11
and viscosity reduction, 31
Microemulsions/co-solvent blends
component selection, 412
engine performance/durabiliry/exhaust
emissions, 419423
pre-combustion/combustion chemistry,
418-419
TAG/amphiphile/alcohol, 413418
Microwave enhanced transesterification
for atkali-catalysts, 57
Middle distillates, 137
Mines (underground) as future growth area,
312-313
Mining Safety and Health Administration
(MSHA), 313
Minnesota legislation, 311-312
Minnesota Trucking Association, 311-312
Miscibility
with petrodiesel, 1
transesterification and, 36
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Mixing-controlled combustion
diesel combustion and, 22
Molar ratio
transesterification and, 1-2
Molecular weighe
of C -C, alcohols, 32
Monoacylglycerol (MAG). See also Acylglycerols
cold flow properties and, 166-169, 171, 190
lubricity and, 222
Monopbhasic transesterification
for alkali-catalysts, 57
Mustardseed oil
cold flow properties and, 151
Muragenicity
ultrafine particles and RME, 278-279,
294-296
Myristic (tetradecanoic) acid
properties of (Appendix A), 458

N

National Agency of Petroleum, Nacural Gas, and
Biofuels (ANP), 346

National Biodiesel Accreditation Program, 484

National Biodiesel Board (NBB), 300, 302-305,
484

National Mission on biodiesel, 356

National Oilheat Research Alliance, 312-313

National Soydiesel Development Board, 300

Natural days/silicates, transesterification and, 73

Natural Resources Canada (NRC), 427

Neat biodiesel, 219-220, 307

Neste Qil, 428

NExBTL (NExt Biomass-To-Liquid), 428

NO/PM trade-off, Euro III engines and,
131-132

NOx emissions and. See Oxides of nitrogen

(NOx)

0

Octane scale, 138

Ohio State University, dual fuel project at, 8

Oil stability index (OSI), 207

Oleic (9(Z)-octadecenoic) acid, properties of
(Appendix A), 459

Olive oil, cold flow properties and, 151

On-vehicle blend sensors, analytical methods,
122

Opium poppy seed oil, 406

Organization of Petroleurn Exporting Countries
(OPEC), 300

Orthohombic structure, 148

OSI/Rancimat, 209-210
Ortto Company, 6-7
Oxidative stability
analytical methods, 112113
antioxidants and, 210-212
biodiesel and, 3
BIOSTAB project and, 212-214
determination methods for, 207-210
general principles, 205-207
iodine value (IV) and, 214
Japanese biodiesels and, 370-371
quality and, 3
Oxides of nitrogen (NOx)
diesel combustion and, 23, 28
emission regulations and, 25
emissions
diesel filters, 263-265
effect of biodiesel source material/additives,
260-263
fundamental studies of NOx impact,
257-260
NOx emission control catalysts and
performance, 266
particulate matter (PM), 263-265
toxic, 263
EPA and, 301
life-cycle assessment (LCA) and, 379-380
prompt NO, 258-259
selective catalyst reduction (SCR) and, 29
soybean oil and, 249
Oxygen, chemical oxygen demand (COD)/
biological oxygen demand (BOD,),
236-238
Ozone depletion, 378, 381-383

P

Palm oil
Asian markets and, 358-361
cold flow properties and, 151
Columbia and, 338
combustion temperatures and, 406
and derivatives from fatty compounds, 180
as diesel fuel source (historically), 7-8
ethyl ester CN and, 139
life-cycle assessment (LCA) and, 386-387
properties of esters of (Appendix A), 464
tocopherol and, 211
Palmitic (hexadecanoic) acid, properties of
(Appendix A), 459
Palmitoleic (9(Z)-hexadecenoic) acid, properties
of (Appendix A), 459



Paraguay, 339-340
Particulate martter (PM) emissions, 22-23, 29.
See also Emissions; Rapeseed methyl
esters (RME)
diesel particle filters and, 263-265
EPA and, 301
HD engines and, 255-257
size distribution of particles (results), 282-289
types of, 253
Peroxide value, 209
Peroxide value {PV), 190
PERTAMINA, 361
Peru, 340-341
Petrodiesel
biodiesel’s advantage over, 2
carryover elements and analysis, 98
cetane number (CN) and, 139
defined/classifications of, 137
dilution with, 408—411, 408-411
miscibility with biodiesel, 1
and viscosity reduction, 31
Philippines, 357
Phosphorus
analytical methods, 110
Physical properties
analytical methods
cetane number (CN), 111-112
cloud point (CP), 112
cold-filter plugging point, 112
cold flow, 112
densicy, 112
distillation temperature, 113
kinematic viscosity, 111
lubricity, 112
oxidative stability, 112-113
total contamination, 113
water and sediment, 113
Plug-flow reactors
transesterification and, 37
Pollutant emissions. See alse Emissions
life-cycle assessment (LCA) and, 378,
381-383
Polyaromatic hydrocarbons, 263
Polycyclic aromatic hydrocarbons, 307
Poppy seed oil, 406
Potassium/sodium
analytical methods, 108-109
ion exchange resins and, 90-91
Pour point
quality and, 3
Pour point depressants (PPD), 174-175
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Pour point (PP), 162-166
cold flow properties and, 149-151, 162-166
effects on biodiesel, 176-177
and FAME treated with CFI additives,
173-174
properties of esters of fats/oils (Appendix A),
464466
properties of various fats/oils (Appendix A),
463
Premixed combustion, diesel combustion
and, 22
Presidential Memorandum Circular (MC 55),
357
Prignitzer Eisenbahn (PE) Arriva, 361
Prions, 48—49
Problems
biodiesel and, 2-3
Production. See also United States, biodiesel in
acid-catalyzed FAE synthesis
direct (in situ) transesterification, 58—59
general principles, 57-58
alkali-cacalysts
microwave enhanced transesterification, 57
monophasic transesterification, 57
alternative biodiesel uses, 401402
in Brazil, 342-345, 349
capacity utilization in EU, 319-320
commercial processes of catalysis, 79
current U.S., 394
direct FA alkyl ester production via pathway
engineering, 60
EU consumption, 321-322
in Japan, 366-373
potential in United States. See United States,
biodiesel in
transesterification
bound glycerol, 40—41
free glycerol, 41
quality control, 43
residual alcohol/residual catalyst, 4142
storage stability, 4243
water/sediment, 42
uncatalyzed ester production, 59-60
unit conversions (Appendix C) for, 479480
in United States, 302-303
world vegerable oil production, 396-397
Prompt NO, 258-259
Propanediols/acetol (hydroxyacetone), and
value-added markets of glycerol, 443,
445-446
Properties. See Cold weather properties
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Propylene oxide, and value-added markets of
glycerol, 450
Purification
ion exchange resins
cation (sodium vs. potassium) impact,
90-91
commercial units, 91-94
flowrate impact on capacity/leakage, 90
general principles of experiment, 8788
glycerol capacity, 89-90
glycerol concentration impact, 90
potassium ion capacity, 88-89
Pyrolysis
alternative biodiesel fuels and, 423426
historical aspects, 11
and viscosity reduction, 31

Qualified State soybean Boards, 300
Quality
contaminant problems and, 97-98
factors of, 3
historical aspects, 10-11
transesterification
fuel quality, 40
quliaty control, 42-43

R
Rancimat test, 207-210
Rapeseed (canola) oil, as prime feedstock in
Europe, 8
Rapeseed methyl esters (RME)
cold flow properties and, 151
and competitiveness of Asian marker,
358-361
credit procedures of, 377-378
Euro 111 engines and, 131-132
life-cycle assessment (LCA)
versus diesel fuel for parameters/impact
categories, 380-381
energetic expenditures/emissions, 379380
rapeseed versus diesel fuel foradvantages/
disadvantages, 382-384
as plasticizers, 402
and principle of discrimination sensor,
132-134
properties of esters of (Appendix A), 464465
ultrafine particles from HD engine
engine and test conditions, 275-277
fuels, 274-275
general principles, 273-274

impact of temperature during dilution,
277-278
mutagenicity assay, 278-279
mutagenicity potency, 294-296, 294-296
Rapid thermogravimetric analysis (TGA),
407-408
Reactions
analytical methods of monirtoring
chromatographic/spectroscopic, 115-118
viscometry, 118-119
transesterification, 12
Reactors, transesterification and, 37
Refined triglycerides, as traditional feedstock,
47-49
Renewable Energy Directive (RED), 324-325
Renewable Fuels Standard of 2005, 13, 309
Renewable resource, biodiesel as, 2
Rheology, low temperature, 160-161
Residual alcohol/residual catalyst
transesterificarion and, 41-42
Resources, Internet, 484
Reversed-phase HPLC, 104-105
Ricinoleic acid, properties of (Appendix A), 460
Ricinus communis, 348
Rudolf Diesel: Pioneer of the Age of Power (Nitske
and Wilson), 6

S

Safety
biodiesel and flash point, 2
human health impact decrease, 306-308
Saka-Dadan Process, 368-370
Saskatchewan Research Council (SRC), 427
Scientific Steering Committee of European
Commission, 4849
Scuffing load ball-on-cylinder lubricity evaluator
(SL-BOCLE), 219-221
Sediment
analytical methods, 113
combustion of diesel engines and, 27-28
transesterification and, 42
Selected ion monitoring (SIM), 102
Selective catalyst reduction (SCR), 29
Selective catalytic reduction (SCR), 266
Sensors
and industrial realization for mass production,
135-136
principle of, 132-134
Singapore, 362
Soap stock (8S), as feedstock source, 53-54
Sodium/potassium, analytical methods, 108-109



Solubilization, 411
Soluble organic fraction (SOF)
emissions and, 253-254
pacticulate emissions and, 22-23
Soot, emissions and, 253-254
South African SANS 1935 (Appendix B), 477
South America, biodiesel in
Argentina, 335-336
Bolivia, 337
Brazil, 341-349
Chile, 337-338
Columbia, 338-339
Ecuador, 339
legistation summary, 331-333
oil content/productivity in, 334
Paraguay, 339-340
Peru, 340-341
Uruguay, 341
Venezuela, 341
South Korea, 356-357
Soybean oil
Argentina and, 336
cetane number (CN) and, 23
CO, reduction/environmental impacts of,
309-310
cold flow properties and, 151
and competitiveness of Asian market,
358-361
composition for biodiesel
cold flow properties, 247
FA/composition, 247-249
Ignition Quality Tester (IQT), 247-248,
247-248
NOx emissions, 249
SG formation, 249-250
lubricity and, 221
microemulsions/co-solvent blends
properties, 419-420
as prime feedstock in U.S., 8
properties of esters of (Appendix A), 465
storage stability and, 43
Spirulina platensis, 425
Stability, 42—-43. See also Oxidative stability
Standard Specification for Biodiese! Blend Stock
for Distillate Fuels
ASTM D6751 (Appendix B), 471
Standard Specification for Diesel Fuel Oil,
Biodiesel Blend
ASTM D7467 (Appendix B), 472
Standards
analytical (Appendix B), 478
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Asian biodiesel and. See Asia, biodiesel in
ASTM DG6751 (Appendix B), 471
ASTM D7467 (Appendix B), 472
Australian (Appendix B), 475
Brazilian NBR 15512 (Appendix B), 476
cetane number (CN) and, 138-139
classes of compounds and, 99
cold flow properties and, 148-149
corrosion and, 27
EN 14213 (Appendix B), 473
EN 14214 (Appendix B), 474
Euro I1I engines and, 131-132
fuel quality and, 40
in Japan, 370-371
lubricicy, 219-220
production/storage issues and, 3
sediment and, 27-28
South African SANS 1935 (Appendix B), 477
viscosity and, 26
Stearic (octadecanoic) acid, properties of
(Appendix A), 459
Sterols
analytical methods, 114-115
Steryl glucosides (StGs)
analytical methods, 115
cold flow properties and, 166-167
soybean oil and, 249-250
Stigmasterol glycoside, 250
Stoichiometric mixtures, diesel combustion and,
21-22
Storage of diesel
oxidative stability and, 206-207, 213
Storage stability, transesterification and, 42-43
Sulfate, emissions and, 253
Sulfated ash, analytical methods, 108
Sulfur
analytical methods, 109-110
impact of presence, 24-25
Sunflower oil
cold flow properties and, 151
and competitiveness of Asian market, 358-361
transesterification and, 35
Super cetane diesel, 427
Survey about biodiesel (NBB), 303-304
Sustainable biofuels, regulation for standard
production of biomass, 327-329

T

t-butylhydroquinone, storage stability and,
42-43

Taiwan, 356-357
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Taxation of biofuels, 131
Temperacure
balance-peint, 264
cloud point (CP) and, 3, 25-26
cold Aow properties and, 148-150
critical solution temperature (CST), 412
distillation, 113
emissions and, 257-258
flashpoint and, 28
low temperature operation and, 25~26
low temperature rheology, 160-161
NOx emissions and, 23
of phase separation (T[N]), 414-415,
417418
and principle of discrimination sensor, 133,
136
and properties of C,-C, alcohols, 32
and pyrolyzation to sediment, 27-28
ultrafine particles in HD engines and, 277~
278, 283-287,293-294
Ternary phase diagram, 413414
Tests. See Oxidative stability
Tetrahydrofuran (THF), as cosolvent, 36
‘Thailand, 357
‘Thermal methods of determining oxidative
stability, 207-210
‘Thermodynamics, Diesel, Rudolph and, 5
"Thermogravimetric analysis (TGA), 209
Throtde, diesel combustion and, 21-22
Tier 1/2 testing, 301, 307
Tocopherols, 210-212
Total contamination, 113
Total hydrocarbon (THC), as emission, 253
Toxic emissions, 263. See also Emissions
acute aquatic studies
D. magna/rainbow trout, 241-243
University of 1daho static nonrenewal/flow-
through, 243-245
acute dermal studies, 239-241
acute oral studies, 239-240
toxicity test protocol, 238
toxicity test results, 245~246
Transcsterification
acceleration of, 36
acid-catalyzed pretreatment, 3840
advantages of hybrid fuel formulation over,
429
catalysis
acid catalysis, 73
base catalysis, 71-73
enzyme catalysts, 7478

general principles, 70-71
metallic catalysts, 73-74
natural clays/silicates, 73
Chavanne’s patent of ethyl esters and, 12
defined, 1-2
fuel quality and, 40
general principles, 31-36
historical aspects, 10
industrial production, 36-38
postproduction factors
quality control, 43
storage stability, 42-43
water/sediment, 42
production process factors
bound glycerol, 40-41
free glycerol, 41
residual alcohol/residual catalyst, 4142
reason for, 3
Trap grease, as feedstock source, 54
Triacylglycerols
cetane number {(CN) and, 138
chemical make-up of, 1
transesterification and, 33
Triglycerides, as traditional feedstock, 4749
Tung oil, 11

U
UCOME, 190
Ultra-low sulfur petrodiesel fuel
EPA and, 301
lubricity and, 224-225
regulations and, 219
Ultrafine particles. See Rapeseed methyl esters
(RME)
Uncatalyzed ester production, 59-60
Underground mines, 312-313
Unit conversions (Appendix C)
agricultural production and, 479
biodiesel production and, 479480
cnergy content (heating value) and, 480
exhaust emissions and, 480
fuel consumption and, 480481
United Nations World Health Organization
(WHO)
on safety of animal fats, 48-49
United States, biodiese! in
after-treatment technology, 308
CO, reduction/environmental impacts,
309-310
consumption/sources of consumption, 391
economic development, 310



energy security, 304-306
future growth areas, 312-313
historical aspects, 299-301
human health impact decrease, 306-308
industry status (2009), 302-303
[nternet resources for, 484
NBB survey, 303-304
potential production
agriculture, 391-393
current edible fats/oils production, 394
current edible fats/oils usage, 394-395
improvement of, 396
microalgae, 397-398
present dependency on petroleum, 391
use of petrodiesel, 393~394
“used oil”, 395-396
world vegetable oil production, 396-397
reduction of foreign oil dependency, 304-306
since 2004 (EPA requirements), 301-302
since 2004 (market drivers), 303-304
state legislation, 310-312
subsidy policy, 323
tripartite effort with EU, 349
Upgrading fuels via hydroprocessing, 426428
Urea selective catalytic reduction (SCR), 266
Uruguay, 341
U.S. Department of Agriculture (USDA), 300
U.S. Department of Energy, 484
U.S. Environmental Protection Agency (EPA).
See also Emissions
cold flow properties and, 161
emissions and, 253
NOx emissions and, 29
sulfur levels and, 25
U.S. Food and Drug Administration (FDA), on
safety of animal fats, 48—49

A\
Vacuum distillation, 190-191
Variant Creutzfeldt-Jacob disease (vC]D), 48—49
Venezuela, 341
Viscometry, as analytical methods of monitoring
reactions, 118—-119
Viscosity
analytical methods
kinematic, 106-107,111
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cold flow properties and, 151

combustion of diesel engines and, 26

general principles, 143

historical aspects, 10

kinematic, 149

petrodiesel/biodiesel and, 3

properties of esters of fats/oils (Appendix A),
464—466

properties of various fats/oils (Appendix A),
463

transesterification. See Transesterification

values of, 143-145

Volatile organic fraction (VOF)
emissions and, 253

W

War
impact of Desert Storm War, 300, 304
Iraq invasion of 2003, 301
vegetable oils as emergency fuels in, 8
Water
analytical methods, 113
contaminant problems and, 98
hydrolytic degradation, 205
transesterification and, 3435, 42
Water-washing compared with ion exchange
resins, 94-95
Wax appearance point (WAP), cold flow
properties and, 149
Wax crystallization modifiers (WCM), 175-176
Wear scars, 221-223. See also Lubricity
Western blotting
and safety of animal fats, 48-49
Working Group for Quality Management of
Biodiesel, 484

Y

Yellow grease
cetane number (CN) and, 23
companies dealing with, 395

Z

Zeldovich (thermal) pathway, NOx emissions
and, 23

Zinc dialkyl dichiophosphates (ZDDP), and
aged biodiesel, 226





