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– zeolites 357
heterogeneous catalysts, for aldol
condensation 436
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hetherotrophic cultivation technology 652
heulandite (HEU) 68
Hevea brasiliensis 606
hexamethylenediamine (HMD) 620
1,6-hexanediol 11
HG2. see Hoveyda-Grubbs 2nd Generation
(HG2)

high molecular weight polyacrylamides
(HPAM) 628

HMF-acetone, aldol condensation 436
homogeneous catalysts
– hydrogen transfer process 354
– and Oppenauer oxidation 354
– transfer hydrogenation 355
homogeneous catalysts, for aldol condensation
436

Hoveyda–Grubbs 2nd Generation (HG2)
281

Hoveyda–Grubbs catalyst 338
HPTT reaction pathway 415
HSE profile 619
humins 432
hydridic route 355
hydro flex 120
hydroconversion processes
– EcofiningTM see EcofiningTM
– FAME 119
– fats and oil 119
– HDS 119
– physical properties 126
– product characteristics and fuel

specification 122
– product yields and characteristics 125
– renewable diesel fuel 120
hydrocracking process 531
hydrodeoxygenation 253
– catalysts and conditions 164
– C-OH bonds 164
– C-OH reduction 164
– C1 and C6 carboxylic acid 163
– glucaric acid to adipic acid 164
– hydrohalic (HX) acid 164
– long-term catalyst stability 169
– long-term stable operation 166
– polyhydroxylated substrates 164
– reaction pathways 167
– reaction profile 165
– tartaric acid and malic acid 167
– vicinal diols 168
hydrodeoxygenation (HDO) 18–21, 127,
659

– catalysts for 406
hydrogen transfer mechanism 360
Hydrogenated Vegetable Oil (HVO) 654

hydrogenation
– raw material for 522
hydrogenation mechanism 250
hydroisomerization
– bifunctional catalyst 136
– C–C bond 138
– hydro/dehydrogenating function 135
– hydroconversion catalysts 135
– isomerization reaction 135
– isomerization reactions 137
– PCP 138
– zeolitic materials 136
hydropyrolisis 654
Hydrotalcite (HT) 195
hydrothermal liquefaction 658
hydrothermal process
– biomass/liquified biomass deoxygenation

419
– feature of 420
hydrothermal upgrading process 422
β-hydrox carbonyl 50
hydroxyalkylation
– cyclopentanone upgrading strategy 467
hydroxyalkylation-alkylation (HAA)
– catalysts for
– – 2-methyl furan and carbonyl compounds

445
– – 2-methyl furan upgrading strategy 448,

452
– – acidic resins 446
– – hydrophobicity 448
– – liquid inorganic acids 445
– – solid acids 445
– – solid catalysts 446
– – soluble organic acids 445, 446
– – strongly acidic zeolites 447
– – sulfonic acid-functionalized ion liquid

447
– – mechanism 445
hydroxyapatites (HAP) 12, 233, 234
5-hydroxylevulinic acid (5-HLA) 335
5-hydroxymethyl-2-furancarboxylic acid
(HMFCA) 193

5-hydroxymethylfurfural (5-HMF) 335 356,
508, 509

– aqueous phase oxidation 193, 195–198
– catalytic oxidation 191
– furanic building blocks and furfural 207
– oxidation 198, 199, 201–203
– oxidative esterification 203, 204
– para-xylene (PX) 193
4-hydroxypentanoate (4-HPE) 363
3-hydroxypropanaldehyde 240
hydroxypropylation 637
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hyperbranched polyesters (HBPE) (contd.)
hyperbranched polyesters (HBPE) 334
hypochlorination 616
HZSM-5 zeolite 221, 657

i
immobilized phosphoric acid 5
integrated bio-refineries 528
Internal rate of return (IRR) 588
International Energy Agency (IEA) 498
IPDI. See isophorone diisocyanate (IPDI)
iron oxide-based catalyst systems 371
ISAC
– anti-static properties 66
– C16-C18 isostearic acids 60
– Emery Industries 58
– hydrogenated derivative 61
– markets and applications 64
– metal and mineral particles 66
– thermal and oxidative stability 62
isobutene 13
isodecyl furan-2,5-dicarboxylate 206
isomerization process 123
isomers and cracking products 138
isononyl furan-2,5-dicarboxylate 206
iso-paraffins 138
isophorone diisocyanate (IPDI) 284
isopropyl alcohol 367
isosorbide 331
isostearic acid
– bio-lubricants 64, 65
– biodegradability 63
– BUFA 69
– calcination 69, 72
– clay-catalysed process 67
– cosmetic and skin care products 65,

66
– ferrierite selectivity 72
– food grade vegetable oils 51
– global production 51
– hydro-isomerisation 69
– liquidity at low temperature 63
– markets and applications 58
– mesoporous sieves 71
– oils and fats 51
– oligomeric fraction 71
– oligomerisation 67
– polymerised fatty acids 58, 59, 67
– properties 62
– Pt/zeolite-based hydro-isomerisation

68
– shape selectivity effects 68
– solubility 63
– thermal and oxidative stability 62

– vegetable-derived fatty acids 59
itaconic acid 331

j
jatropha oil 114

k
ketal-ester oligomers 343
Keto-L-gulonic acid 564
keto–enol tautomerism equilibria 133, 335
KIOR 658
Kyoto Protocol 531

l
LA. See levulinic acid (LA)
lactic acid (LA) 249, 384, 561, 674
– acrylic acid 226, 227
– glycerol 224, 225
– hydroxyapatites-based catalysts 230–236
– phosphate-based catalysts 230–233
– zeolites 227–229
lanthanides-impregnated zeolites 228
LanzaTech 507, 612
large-scale conventional sugarcane mill 589
latex 606
Lebedev approach 9
Lebedev process 507
Lebedev reaction 6, 7
levulinic acid 335, 336
levulinic acid (LA) 508
– acid catalysed process 384
– cellobiose conversion 385
– liquid phase direct fragmentation 384
– ZrO2 catalyst 385
Lewis acid catalyst 456
Life cycle analysis (LCA) 187, 618
life cycle assessment (LCA)
– adipic acid 170
– Rennovia’s bio-based adipic acid 170
light olefins 505
lignin 404, 431
– aromatic compounds 387
– aromatic ring 42
– biochemtexMOGHI process 43
– biomass component of 387
– catalytic oxidative cleavage of 387
– deoxygenation 42
– depolymerisation 42
– heterogeneous catalysts 392–394
– homogenous catalysts 387, 389–392
– phenylpropanoid interunits 387
– and primary precursors 387, 388
– typical model compounds 387, 389
– valorization 387
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lignin and sugar hydrogenation
– depolymerization 370
– MMP 370
– monomeric building blocks 370
lignin derived molecules, deoxygenation of
410

lignocellulose 246, 263, 550
lignocellulosic biomass 404, 536, 576
– sources of 431
lignocellulosic biorefinery 501
Limonene modification
– DMS 304
– thiol-ene reaction 302, 303
linear 1,3-linked glycerol polymers 342–344
1,3-linked glycerol carbonate exploits 43
linoleic acid 536
lipid bodies 645
lipid synthesis 646
lipids
– biomass transformation 644
– production of microalgae 650
Lipomyces starkeyi 647
lipophilicity 446
liquefied biomass 405
– upgrading 406
Lobry de Bruin–Alberda van Ekenstein (LBE)
251

long-chain carboxylic acids, deoxygention of
419

low-carbon footprint production 504
low-temperature pyrolysis. See torrefaction

m
magnesium oxide 358
maize
– wet milling of 551
– wet-milling process 551
Maleic acid (MA) 473
Maleic anhydride (MAH) 475
– liquid phase production 476
– utilization through Diels-Alder coupling

476
Manno-derived monomers (Manx) 294
MAO. See methylaluminoxane (MAO) ctivator
Marseille Saint–Menet (France) 536
Matríca biorefinery 606
Meerwein-Ponndorf-Verley (MPV) reaction
12, 611

– heterogeneous catalysts. see heterogeneous
catalysts

– homogeneous catalysts. see homogeneous
catalysts

– industrial applications 372, 373
melt-polycondensation 209

metabolic engineering 577
metal hydride pathway 356
metal hydroxide species 359
metathesis
– CDIsis technology 23
– dimerization of ethylene 22
– double-bond isomerization catalyst 23
– ethylene and butenes 21
– “greener” version 22
– homogeneous/heterogeneous 22
– industrial level 24
– initial carbene formation 24
– lower reaction temperatures 23
– M-Ox species 24
– mechanism 24
– Mo oxide catalysts 23
– Ni/MCM-41 catalyst 24
– OCT 22
– propylene production 25, 27
– pseudo-Wittig reaction 24
– Re oxide catalysts 23
– Re2O7 /Al2O3 23
– Sc/In2O3 and Y2O3 –CeO2 24
– SHOP 24
– tungsten-based catalysts 22
metathesized oil
– cost of production 543
Methanesulfonic acid (MSA) 477
methoxyhydroquinone 337
2-methoxy-4-methylphenol (MMP) 370
methylaluminoxane (MAO) ctivator 301
4,4′-methylenebis diphenylisocyanate (MDI)
333

methyl esters of fatty acids (FAME) 113
methylfuran (MeF) 365
microalgae 513, 648
microalgae strains 650
microbial electrosynthesis 579
microbial oils
– biomass transformation 644
– hydrocarbon production 646
– from sugar 647
– upgrading to fuels 653
microorganism
– biomass transformation 644
microporous zirconosilicate molecular sieves
364

microwaves 669
mild pyrolysis. See torrefaction
Mineral oil refineries 549
minimum selling price (MSP) 586
– butanol production 586
– ethanol 591, 592, 594–597
– sugar cane mill 588
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modified natural monomers (contd.)
modified natural monomers 273
molybdenum vanadate (Mo3 VOx) 220
monomeric structures (diacids, hydroxyacids
and diols)

– adipic acid and its polymers 334, 335
– alicyclic/aromatic units 329
– biobased and non-harmful aromatic

monomers 330
– biomass-derived value-added compound

329
– classical engineering plastics 329
– depolymerization 330
– diols and their polymers 339, 341
– levulinic acid and its polymers 330, 336
– succinic acid and its polymers 330
– lignin 330
– poly(ester amide)s 332
– polyesters 330–332
– polyurethanes 333
– vanillin, vanillic and ferulic acids and

derived polymers 337, 338
monomers and polymers. See also sugar
derived monomers and polymers

monomers and polymers. See also Terpenes
– biomedical applications 278
– composites/biocomposites 278
– erucic acid 276
– fatty acids, vegetable oil compositions 276,

277
– fossil feedstock 275
– iodine value 276
– oils, usage of 275
– PAs. see polyamides (PAs)
– polyesters. see polyesters
– polyurethanes. see polyurethanes
– polymer synthesis 276
– triglyceride, generic structure 277
– USDA 275
Monte Carlo simulation
– production cost from 546

n
N,N′-diisopropylcarbodiimide 319
N,N-dimethyl formamide 212
Na-ZMS-5 zeolite 228
naphtha cracking 6
natural polymers 273
natural rubber
– Hevea brasiliensis 606
– non-tire market sectors 609
– Parthenium argentatum 607
NaY zeolites 227, 235
Nazarov cyclization 462

neopentanoic acid 60
Neste Oil 141, 648, 654
Net present value (NPV) 554, 588
NExBTL process 404
Ni/Mo ratio 132
nickel based catalysts
– C5 and C6 monosaccharides and sugar

alcohols 260
– polysaccharides 261, 262
nitrous oxide (N2O) 157
“not drop in” products 80
novelyeast-based fermentation technology
562

n-paraffin son bifuctional catalyst 137

o
oil refineries 535
oils
– raw materials for oleochemicals 525
oilseed biorefinery 501, 502
oleaginous microorganisms 644, 645, 647
– lipid accumulation and fatty acid profiles

645
oleaginous waste 672
– to valuable products 673
olefin biorefinery 505
– companies 507
– economic drivers 505
– environmental and sustainability drivers

505
– fluid catalytic cracking process 505
– socio-political drivers 505
– technological and strategic drivers 505
olefins
– automotive industry 3
– BDO 4
– bio-olefins. see bio-olefins
– from bio-alcohols. see Bio-alcohols
– C2–C4 synthesis 3
– light 3
– MTO 4
– petrochemical processes 3
– primarily ethane 3
– propylene 3
– renewable sources 4
oleic acid 536
oleochemical products
– applications 523
– fatty acid market for 526
– glycerine market 527
oleochemicals
– raw materials for 525
– substances 523
oleochemistry
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– definition 528
– EU sources 526
– fossil-derived chemicals 73
– in bioeconomy 532
– interest for 519
– oilseed varieties 53
– oleochemical products 53
– overview 519
– potentials for 529
– renaissance 53
– value chain for. see value chain for

oleochemistry
– vegetable oil sources 525
open culture systems 649
Operational Expenditures (OPEX) 586, 603
Ostromisslenski reaction 7
Ostromisslenski two-step approach 10
5,5′-[oxy-bis(methylene)]bis-2-furfural
(OBMF) 201

oxygenated compounds, classification of 406

p
p-toluenesulphonic acid 446
p-xylene
– BioForming® 34, 35
– bio-terephthalic acid 46
– economic and environmental assessment

47
– lignin. see lignin
– PET 33
– Virent technology 34
Paal–Knoor reaction 326
palladium and rhodium 259
palladium catalyzed-oxidative coupling 478
palladium-supported catalyst 372
palm and coconut oils 114
palm oil
– global production 525
para-xylene (PX) 193
paraffins 123
paraffins and isoparaffins 124
Parentis (France) 539
Parthenium argentatum 607
particulate matter (PM) 141
PAs. See polyamides (PAs)
peak oil 403
PET. See polyethyleneterephthalate (PET)
petro- and bio-based adipic acid 169
petrochemicals
– branched alcohols 60
– branched-chain alcohols 61
– Friedel-Crafts alkylations 62
– Guerbet alcohols 61
– vs. isostearic acid 60

– neoacids 60
– paraffin waxes 61
– VersaticTM acid 60
phenolic acids 337
phenols, deoxygenation of 407, 408
PHLA-diol destroys 336
phosphomolybdic acid 473
phosphoric acid-modified
niobium-tungsten-vanadium mixed oxide
239

photoautrophic cultivation technology 649
Phthalic anhydride (PA) production 476
Piancatelli rearrangement. See furfural ring
rearrangement reaction

picolinyl esters 72
pilot plants and patents
– advantages 107
– Aqueous Phase Reforming reaction 106
– bimetallic catalysts 106
– UTRC 105
– Virent APR pilot plant 105, 106
pinenes
– cationic polymerization, β-pinene 301
– isobutylene tertiary carbocation 301
– MAO activator 301
– methyl group/electron-donating groups

300
plasticizer 206
plastisols 206
platinum catalysts
– ethylene glycol 258
– isosorbide 258
– polysaccharides 259
– xylitol 258
poly(2,5-furandiylcarbonyloxymethylene
(cis-tetrahydro-2,5-furandiyl)methyl-
eneoxycarbonyl) 211

poly(2,5-furandiylcarbonyloxymethylene-2,5-
furandiylmethyleneoxycarbonyl) 211

poly(2-furylene vinylene) based on 5-methyl
furfural 328

poly(alkylene succinate) backbone 332
poly(bisphenol-A carbonate) 329
poly(butylene
2,5-furandicarboxylate-co-buthylene
adipate) 319

poly(butylene
2,5-furandicarboxylate-co-buthylene
succinate)[ 319

poly(butylene adipate) (PBA) 211
poly(butylene adipate-co-terephthalate 334
poly(butylene succinate) (PBS) 330
poly(butylene succinate-co-butylene
terephthalate) (PBST) 331
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poly(decamethylene furandicarboxyamide)
(PA10F) (contd.)

poly(decamethylene furandicarboxyamide)
(PA10F) 321

poly(diethylene glycol succinate) 333
poly(dihydroferulic acid) (PHFA) 337

poly(dodecamethylene furandicarboxyamide)
(PA12F) 321

poly(ester-alkenamer)s 338
poly(ester-urethane)s 338
poly(ethylene
2,5-furandicarboxylate-co-ethylene
succinate) (PEFS) 318

poly(ethylene 2,5-furandicarboxylate-co-lactic
acid) PEF/PLA 319

poly(ethylene terephthalate 340
poly(ethylene terephthalate-co-ethylene
2,5-furandicarboxylate) PET/PEF 319

poly(glycerol sebacates) (PGS) 342
poly(hexamethylene furandicarboxyamide)
(PA6F) 321

poly(lactic acid-co-glycerol monostearate)
copolymers 343

poly(lactic acid-co-glycolic acid) (PLGA)
344

poly(octamethylene furandicarboxyamide)
(PA8F) 321

polyamides (PAs)
– AB-type monomers 287, 288
– advantage of 624
– amine functionalized AB-type monomers

287
– amorphous polyesteramides 322
– burst pressure 624
– description 287
– dimensional stability vs. moisture and

temperature 622
– ESCR resistance 622
– FDCA 321
– fatty acid methyl ester bromides 287
– generalities 620
– intrinsic properties 621
– “modern” synthetic approach 321
– nylon precursors synthesis 287, 289
– permeability 625
– physical properties comparison 622
– polycondensation of 621
– technological properties and applications

622, 623
– tensile strength 624
polybutylene furandicarboxylate (PBF) 208
polycondensation 208
polycondensation of FA 317

polycondensation reactions 332
Polyester–polyurethane markets 175, 176
polyesters
– aliphatic acidic/ester functions 278
– BHMF and 2,5-furandicarbonyl chloride

319
– 2,3-butane diol 318
– commercial furan polymers 318
– copolymers 318
– crosslinked and hyperbranched polymers

279
– delocalization energy 317
– dipolarity of heterocycle 319
– enzyme-catalyzed polymerization reactions

279
– FDCA vs. 1,4-butanediol directly influences

317, 319
– FDCA-based 318
– 2,5-furanedicarbonyl chloride with diols

317
– HG 2, 281
– hydrolysable and degradable 278
– jojoba oil 280, 281
– melt polymerization reactions 278
– metathesis reaction 279
– N,N′-diisopropylcarbodiimide 319
– PEF vs. PET 320
– polycondensation reaction, epoxidized oleic

acid 279, 280
– polyfunctional isocyanate 318
– 1,3-propane glycol (PPF) 318
– PSAs 279
– terephthalic acid 318
– thermal and mechanical data, furan

dicarboxylates 320
– titanium tetrabutoxide 318
– unsaturated fatty acids 278
– VSHA, synthesis and polymerization 279,

280
polyethylene furanoate (PEF) 192, 207, 510
polyethylene terephthalate (PET) 33, 207,
510

– gas barrier properties 207
– oil-based 192
– production 459
– synthesis 191, 212
– thermal behavior 211
polyfurans
– HOMO–LUMO gap 328
– α-oligofurans 328
– β-oligofurans 328
– oligofurans 328
– opto-electronic devices 328
– planarity prerequisite 328
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– poly(2-furylene vinylene) based on 5-methyl
furfural 328

polyglycerol polyricinolate 342
polyglycerols (PG) 342
polyhydroxyalkanoates (PHAs) 207
polylactic acid (PLA) 207, 561
polymerizations 273
polymers
– multi-functional molecules for 530
polymyrcene
– emulsion polymerization 302
– non-cyclic terpenes 302
Polyol Chemical Inc. 507
polypropylene furandicarboxylate (PPF)
208

polyunsaturated fatty acids (PUFA) 673
polyurethanes
– biodiesel-derived crude glycerol 282
– 2,5-bis(hydroxymethyl)furan BHMF 322
– DDI structure 282, 283
– disadvantages 285
– flammability 285
– fossil-based diisocyanates 282
– 2,5-furyl diisocianate 322
– glycerol 286
– Jatropha curcas 284
– IPDI 284
– lignin-oleic acid macropolyol 286
– NCO moieties 282
– 5,5′(oxy-bis(methylene))bis-2-furfural

OBMF with diisocyanates 322
– palm oil monoglyceride and alkyd diols

283
– polyisocianates 282
– polyols, anionic waterborne polyurethanes

284
– soy oil-based cationic aqueous polyurethane

dispersions 285
– versatile materials 281
Porto Torres project 499
potassium-modified zeolites 229
pristine 273
1,3-propanediol (1,3-PDO) 09
propanediol (PDO) 41, 564
propylene 507
– epichlorohydrin from 616
1,2-propylene glycol 53
protonated cyclopropane (PCP) 138
p-xylene
– Anellotech technology. see Anellotech

technology
– bio-ethanol 41
– bio-terephthalic acid 46, 47
– lignin. see lignin

– Gevo technology. see Gevo technology
– Virent technology 35, 36
pyrolysis 404, 655
– reactor system 656
pyrolysis oils, hydrotreatment of 415,
417

r
R&D programs
– effort of 545
Race Way Paddle Wheel Ponds 649
RapidThermal Processing (RTP) technology
658

raw materials
– correlation matrix for 544
– development of 569
– for oleochemical 525
– value chain for oleochemistry 520
raw sugar
– production 593
reactivity, of functional groups 407
reforming
– BTL production process 92
– DME production 92
– gas upgrading
– – ATR 89
– – CPO process 89
– – dual-bed gasifier 91
– – Ni/Mg/Al catalyst, hydrotalcite 90, 91
– – Ni/Rh-containing catalyst 91
– – partial oxidation and ATR upgrading

downstream 90
– – problems 90
– – SR 88
– syngas applications 91
rendered animal fats 525
renewable biomass
– balanced utilization of 550
renewable butadiene 610, 611
renewable chemical evaluation 585
Renewable Fuel Oil (RFO) 658
Renewable raw materials (RRM) 569
– Braskem’s Technology Roadmapping 584
– Braskem’s TRM 583
– chemical chain work 572
– chemical production chain 573
– to chemical products 158
– exploitation of 604
– industrial chemicals 154
– pound-to-pound conversion 154
– sustainable technologies 154
Rennovia’s bio-based adipic acid production
158, 159, 169

retro-aldol based hydrogenolysis 251
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Return on investment (ROI) (contd.)
Return on investment (ROI) 586
Rhodotorula glutinis 646
Rhorosporidium toruloides 647
Rhovanil®Natural 638
ricinoleic acid
– methyl ester of 537
rigid furan diol 2,5-bis(hydroxymethyl furan)
(BHMF) 331

Ring-opening metathesis polymerization
(ROMP) 305

ROMP. See ring-opening metathesis
polymerization (ROMP)

rosin
– conjugated double bond system 307
– hydrogenation and dehydrogenation

reactions 307
– linear and cross-linked materials 307
– thermoplastic polymers 308, 309
– thermoset polymers 308
ruthenium catalysts
– bimetallic catalyst 257
– dispersion and electronic effects 254
– lactic acid 256
– sorbitol 255
– xylose 255

s
saccharification processes 248, 604
SAIGA company 608
SCW. See supercritical water (SCW)
processing

sebacic acid 538
– from castor oil 621
self-aldol condensation, of CPO 465
Separation Zone 2 (SZ2) 8
Separation Zone 3 (SZ3) 8
sesquiterpenes 608
– renewable resources 306
– ROMP of 305, 306
Shell HTU process 422
short chain fatty acids/alcohols 530
short-chain carboxylic acids, deoxygenation of
410

simultaneous condensation-hydrogenation, in
water-oil emulsions

– advantages 440, 442
– ring opening 442
– schematic illustration 440
single cell oil 644
single-reactor process, for sequential
aldol-condensation and hydrogenation 439

single-step fuel production process 453

SiO2-SO3 H catalyzed dehydration reaction
204

socio-political drivers (SPD) 505
solar (renewable) energy
– within bio-refinery/-factory scheme 513
Solazyme plant 583, 652
Solena’s Plasma Gasification (SPG) technology
84

solid catalysts 436
solid state fermentation (SSF) 671
solid state polymerization (SSP) 209
SOLVAY technology 618
Solvay’s strategy 615
solvent extraction 648
sorbitan and isosorbide 249
sorbitol 563
SPG. See Solena’s Plasma Gasification (SPG)
technology 84

spinel Li2CoMn3 O8 202
splitting process 522
SR. See steam reforming (SR) 88
standalone cellulosic ethanol plant 591, 593
starch
– Ag3.5(NH4)1.5PMo10V2O40 398
– Brønsted acid polyoxometalates 397
– CH3ReO3/H2O2/Br- system 396, 397
– FeSO4 and CuSO4 catalysts 396
– glycosidic bonds. 394
– Na4Co(H2O)6V10O28.18H2O system 397
– non-degrading starch oxidation 396
– POMs with ionic liquids 397
– selective oxidation 395
– structures of 395
– TEMPO radical 396
starch biorefineries, co-location model 501,
555

starch slurry
– downstream processing of 553
starch-based chemicals, co-location model
– citric acid 562
– ethanol 558
– keto-L-gulonic acid 564
– lactic acid 561
– propanediol 564
– sugar alcohol 563
steam reforming (SR) 88
steeping process 551
straw 575
stress cracking resistance 622
substituted guaiacols, deoxygenation of 409
Succinic acid see also Fermentation process
182

– advancements 177
– applications 174, 175
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– biochemical pathway and host
microorganism considerations 178–182

– commercial scale acid manufacturing
facilities 173, 174

– downstream process 186, 187
– fermentation 177
– host organism 177
– hydrogenation of 174
– 30 kT BioAmber plant in Sarnia, Canada

173, 174
– life cycle analysis 187
– polyester–polyurethane markets 176
– reduction 593
– structure 173, 174
sugar alcohol 563
sugar biorefinery 501
sugar cane
– Brazil 574
– economic importance 575
sugar derived monomers and polymers
– 1,4-3,6-dianhydrohexitols 289–291, 293
– acetalized carbohydrates 294, 296, 297
– carbohydrates 289
– materials displaying interesting properties

289
– polycondensation reactions 289
sugar production 575
sugarcane biorefinery 589
– integrated conventional/cellulosic ethanol

factory 591
– large-scale conventional sugarcane mill

589
– standalone cellulosic ethanol plant 591
Sugarcane-based biorefineries in Brazil 581
sulfonic acid-functionalized ion liquid 447
supercritical water (SCW) processing 423
surfactants 625, 627
Sylvan process
– bio-oil upgrading strategy 449
– biomass-derived diesel fuel production

452
– efficiency 449
– HAA. see hydroxyalkylation/alkylation

(HAA)
– improvements 453
Syndol®catalyst 5
synthetic biology 577–579, 583

t
technological and strategic drivers (TSD) 505
terephthalic acid (PTA) 47
– adipic acid 191
– and AA based co-polyesters 211
– biomass-derived 191

– FDCA 192, 211
– oil-based 212
– production 477
– synthesis 198
terephthalic acid synthesis
– α-pinene to p-cymene dehydrogenation

304
– limonene via p-cymene 304
– poly(alkylene terephthalate)s 304
terpenes
– adhesive and sealants, resins for 299
– cationic polymerization 300
– copolymers 305, 306
– d-Limonene 299
– isomerization reactions 299, 300
– limonene modification 303
– monoterpenes, chemical structure 298
– “naval stores” 299
– pinenes 300, 301
– polycarbonates and polyurethanes synthesis

304, 305
– polymers, applications of 300
– polymyrcene 302
– rosin. see rosin
– rosin components, chemical structure 298
– secondary metabolites 299
– sesquiterpenes 305, 299, 306
– terephthalic acid synthesis 304
– terpenoids 306, 307
– unsaturated cycloaliphatic and/or aromatic

structures 297
terpenoids 582
– functional groups 306
– poly(lactide)-poly(δ-lactone)-poly(lactide)

triblock copolymers 307
– ring opening polymerization 307
– types 307
tert-butylhydroperoxide (t-BuOOH) 198
1,1,2,2-tetrachloroethane (TCE) 11
tetraethylaminonium bromide (TEAB) 205
tetrahydrofuran-2,5-dicarboxylic acid
(THFDCA) 200

tetrahydrofuran-2-carboxylic acid (THCA)
200

thermal cleavage process 537
thermal conversion process, products of
432

thermal decomposition
– cellulose 431
– hemicellulose 431
– lignin 431
thermal downstream processes 651
thermo-chemical induced conversion 404
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thermo-mechanical pre-processing methods
(contd.)

thermo-mechanical pre-processing methods
671

thermochemical conversion process 432
– objective of 432
thermochemical technologies 570
Thermochemical/gasification process 576
thermoplastic co-polyester elastomers (TPEEs)
212

thermoplastic polymers 308, 309
thermoset polymers 308
thiol-ene reaction
– polyester synthesis 302, 303
– terpene-based thiols preparation 302, 303
– thiol-ene click chemistry 302, 303
– unsaturated carbon-carbon double bonds

302
TiO2-supported Pd nanoparticles 197
torrefaction 404
total costs 555
transesterification process 537
transitional economy 498
triglyceride molecule 115
triglycerides 122, 418
– epichlorohydrin 616
triglycerides conversion 128
triglycerides conversion scheme 128, 131
triglycerides hydroconversion
– deoxygenation, sulfided catalysts. see

deoxygenation, sulfidedcatalysts
– hydroisomerization. see hydroisomerization
triphenylphosphine (TPP) 72
triterpenes 608
tropical oils
– vs. metathesized oil 543
tungsten-based heteropolyacids 5

u
undecylenic acid 537
United States Department of Agriculture
(USDA) 275

United Technologies Research Center (UTRC)
105

UOP 661
– schematic illustration 439
– simultaneous condensation-hydrogenation,

in water-oil emulsions 440
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