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bare module cost, 458

BARON, 52, 238-240
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binary separation, 381, 387
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catalytic cracking, 12, 294, 296

CCPNSGA 11, 195, 198, 199

cell mass, 40, 81, 139, 140, 142, 145, 146,
149
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cell separator, 139, 146

cell viability, 11, 218, 220-222, 233, 237,
240

CEPCI, 457, 458

chance constrained programming, 11, 40,
184-187

chi? test, 112

chromatography, 13, 369-373, 387, 388,
396

chronic toxicity, 452, 453, 462, 464

circulation load, 195, 204

CO, absorber, 82, 84

CO, emissions, 9, 12, 36, 37, 49, 59, 62,
72-176, 79
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compensating effect, 378, 379

composite curves, 298-301, 322-325,
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compromise programming, 85
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165, 167, 400, 409

concave Pareto front, 6
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constraint handling, 107, 112, 129-132,
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445
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321, 342, 464
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416418

crystal size distribution (CSD), 399-402,
414418

cumene process, 14, 451, 455-462,
464-471
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cycle time, 37, 39, 45, 49, 393
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464471
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data reconciliation, 12, 267-291
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71,75, 206, 218, 295, 336, 357, 361,
432

decision variables, 3, 5-8, 13

decomposition approaches, 219

deficit, 298, 328

degree of polymerization, 57

demand, 19-21, 30, 33

dependent variables, 23-25

depreciable capital, 459

derivative properties, 250

detector, 373

deterministic equivalent, 11, 186—188,
190, 209-211

deterministic methods, 4, 7, 9, 11, 379
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diesel, 176, 293-296, 305, 319
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133, 135, 141, 217, 219, 228, 229, 267,
269, 274

differential evolution with tabu list, 267,
269, 274
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dilution rate, 140-151
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50, 54, 57, 62, 64, 175, 176, 309, 318,
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dominated solutions, 435

Dow CEI, 451
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53, 80

economic assessment/objective, 340, 341,
343, 345, 346, 350, 354, 449- 451, 455,
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electrical efficiency, 61, 86

electric power, 295, 297, 436, 443

emissions, 36, 37, 43, 53, 57, 59, 62, 66,
72-82, 85, 293-329, 348, 349,
352-354, 361, 423, 450, 464

enantiomers, 13, 370

energy, 3-5, 8-12, 14

energy consumption, 39, 42, 46, 50-53,
56, 62, 64,293, 295, 298

energy efficiency, 49, 76, 82, 85, 294, 296,
297

energy integration, 12, 295, 347, 433, 457

energy saving strategies, 293

enhancement, 401, 404

enthalpy, 298, 299, 303, 316, 317, 328,
349

environmental objective, 56, 80, 81, 304,
315, 335, 336, 338, 341, 344, 345, 354,
362, 363, 450, 467, 471
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344, 347, 348, 355, 360, 362, 363, 449,
450

equality constraint, 19, 21, 26, 27, 107,
129-132, 136-143, 149, 152, 153

equation(s) of state (EOS), 249, 253, 255,
260, 271, 318, 429

equilibrium based approach, 427, 429

equilibrium constant, 371, 380, 381, 386,
392

equilibrium dispersive model, 374

error-in-variable, 268, 270

estimation of the transport properties, 384

ethanol, see bioethanol

ethanol loss, 425, 428, 431-433, 439, 445

ethanol productivity, 78, 79, 81, 140, 141,
143, 144, 146-152, 429

ethanol purity, 428, 430439, 441-446

Euclidean distance, 112, 113, 136, 137,
171, 275

evolutionary algorithms, 112, 130, 199,
218,219, 229, 230, 249, 250, 260, 264

evolutionary strategies, 335

excess enthalpy, 249, 253-255, 258-262

exergetic efficiency, 49, 63, 66, 73, 76, 77,
79

expectation term, 184, 185

feasibility approach, 10, 130-133, 136,
137, 142, 153, 276, 462

feature extraction, 400, 401, 413, 414, 418

feed solution, 378, 382, 389, 392

feedstock, 55, 79-81, 139, 145, 295, 296,
423,424

fermentation process, 67, 68, 130, 131,
139-141, 143-153

filtering techniques, 404

fitness value, 161, 251, 387

fludized catalytic cracking (FCC), 57, 58,
63, 111, 175, 176, 294-297, 304-306,
309-315

flux balance analysis, 48, 68, 222

fmincon, 28, 84
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FMOOP, 226

food industry, 8, 9, 36, 37, 57, 66

FOPDT, 480, 481, 491, 495-500

FORTRAN, 113, 435

framework, 46, 71, 163, 186, 188, 219,
295, 303, 304, 315, 354, 363, 491

fuel blending, 57

fuel cell, 8, 36, 37, 76, 82, 83

fuel cell system, 82—-86

fuel cost, 66, 72, 75, 79

fuzzy approach/optimization, 11, 44,
66-68, 76, 218, 226

fuzzy mathematical programming, 184

GAMS, 4,42, 47,52, 53, 56, 58, 62, 78,
80, 235, 238-240

gasification, 47, 65, 66, 73, 74, 76, 78, 82,
294

gasoline, 29, 58, 176, 293, 296, 424

gasoline-ethanol mixture, 431

gas separation, 57, 59

gate-to-gate, 347

Gaussian correlation function, 170

Gaussian curves, 405

generalized M-Pareto-optimal solution,
227

general rate model, 373

generating method, 218

generational distance (GD), 110, 112-114,
116-124, 137-139

genetic algorithm, 7, 10, 13, 132, 133,
157, 160, 172, 250, 269, 337, 341, 342,
355, 357, 363, 379, 387, 445, 483

genetic perturbation, 218

GFMOORP, 218, 219, 222, 223, 226-228,
240

Gibbs free energy, 69, 271

Gibbs-Helmholtz equation, 255

global optimal solutions, 435

global optimization methods/techniques,
4,18, 172, 187, 269

global warming potential (GWP), 37, 50,
73,77, 80, 353, 363, 450

glucose concentration, 79, 140, 141, 143

glucose conversion, 78, 79, 140, 141, 143,
144, 147, 148

goal attainment, 38, 41, 51, 78, 79, 141,
223, 226-228

grand composite curve, 62, 298, 299, 316,
326

gray level, 400, 403406, 409, 418,
419

green degree (GD), 37, 53, 64, 450

greenhouse gases, 57, 74, 293

grid search approach, 484

grinding operation, 44, 186, 193, 194

Hammersley sequence sampling, 198

harmonic search, 250

hazard identification and ranking system,
452

hazard potential, 450, 454, 459, 460, 461,
466

HAZOP, 450, 454

HDA process, 336, 346-355, 361

heat capacity, 250, 262, 349

heat exchanger networks, 37, 39, 47, 52,
298, 315

heat integration, 54, 61, 75, 78, 294-298,
300, 303-305, 310, 315

heat of mixing, 253-261

heat recovery, 37, 49, 56, 75, 295-301,
314, 328

heat transfer area, 299

heavy cycle oil, 297

Henry’s constant, 381, 383, 384, 386, 391,
392

HETP, 384-386

heuristic, 427

high pressure steam, 297, 299, 456

homogeneous azeotrope, 282, 285

Hydrogen (H,) production, 36, 37, 59, 76,
82-86

hybrid methods (for constraint handling),
130

hydrocarbon inventory, 57, 60, 450

hydrocyclones, 193, 194, 196

hygroscopic, 431

hyper volume, 106, 110

hypothetical case, 162

Hysys, 4, 15, 50, 303, 304, 318, 451, 456,
463-465
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image analysis, 400, 401, 418

image histogram, 400, 404406

IMPACT 2002+, 37, 42, 53, 76

indirect optimization method, 217

individual chance constrained, 186

inequality constraint, 129-133, 136, 137,
142, 149, 153

inertia, 251

inherent environmental toxicity hazard
(IETH), 53, 450

inherent safety index (ISI), 451-455, 459

injection molding, 39, 57, 64

integrated differential evolution, 9, 18, 26

integrated inherent safety index (I12SI), 14,
451, 452, 459, 464, 471, 472

inter-class variance, 405, 409, 410, 419

intermediate generations, 106, 113, 118,
122

inter-stage extraction, 78, 81, 139, 145,
152

interval uncertainty, 161-163, 173

inverse generational distance (IGD),
113-124

inverse method, 378, 386

ISDU, 481, 482, 489, 490, 498-500

isotherms, 375, 377-382, 386

ITAE, 481, 482, 490, 495, 498

joint chance constrained programming,
186

Joule Thomson coefficient, 249

jumping gene adaptations, 10, 18, 39, 52,
105, 107, 124, 132

jumping gene probability, 107, 108, 110,
114, 121

jumping gene variants, 105-107, 110

kinetic model, 139, 217, 222, 240

kinetic parameters, 38, 40, 43, 70,
139-141, 146, 147

kriging, 158, 168, 170-172, 175, 178

lactic acid production, 66, 67
Langmuir isotherm, 379-382, 386, 390,
392
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Latin hypercube sampling, 169, 172

learning period, 28

lexicographic goal programming, 41

life cycle assessment, 347, 361, 363

linear isotherm, 381

linear physical programming, 48

linear programming, 3, 18, 19, 45, 53,
187,217

LINGO, 56, 63

liquid liquid extraction, 44, 253, 254, 261

L, norm, 409412

local methods, 4

logarithmic transformation, 217

log mean temperature difference, 465

lower level problem, 164, 168

lower level sub-problem, 164, 173

low pressure steam, 299, 352, 436

lumped kinetic model, 373

main fractionator, 297, 305, 316, 318

make-span, 67, 71

mass balance, 20, 129-132, 146, 153, 339,
377

mass transfer, 373-375, 427, 429

material loss, 451, 456, 464-471, 475

mathematical model, 146, 294, 339, 377

Matlab, 4, 28, 33, 54, 55, 69-71, 83, 84,
172, 176, 258, 341, 401, 469

maximum number of generations (MNG),
107, 108, 110, 112, 114, 133, 136, 164,
274,276, 304, 321, 322, 463, 464

Maxwell-Stefan theory, 429

membrane bioreactor, 37, 50

membrane separation process, 14

metabolic adjustment, 218, 233

metabolic reaction networks, 11, 12, 66,
67, 217-220, 240

meta-heuristics, 157, 269, 274

metamodel, 158, 159, 168, 170-172, 174,
178

MIHDE, 219, 225, 228-235, 238-240

minimum area rectangle, 414, 417

minimum error, 251, 400, 405, 406,
410413

minimum temperature difference, 317

min-max problem, 225, 226, 228, 407
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mixed-integer linear programming, 218

mixed-integer nonlinear programming,
219, 221

mixed optimization, 407, 409

mobile phase, 371-380, 382, 384,
388-392

mobile phase flow rate, 392

model characterization, 377, 383

Monte Carlo, 175, 363

morphological image processing, 400, 410

M-Pareto-optimal solution, 226228

MS Excel, 15, 25, 26, 33, 71, 139, 142,
146, 276, 303, 341

multi-criteria optimization, 4

multi-level utilities, 299

multi-modal Pareto-optimal front, 114,
118

multi-objective differential evolution
(MO DE), 60, 61, 75, 81, 130-139,
142-145, 149-153

multi-objective evolutionary algorithm
(MO EA), 59, 61, 73,79, 80

multi-objective genetic algorithm (MO
GA), 10, 11, 38-41, 45, 46, 49, 51, 57,
59, 62, 64, 67,70, 77,79, 84, 157-160,
163, 172, 335, 337, 363

e-multi-objective optimization problem,
225

multi-objective particle swarm
optimization (MO PSO), 76, 84, 130,
251, 257

multi-objective simulated annealing (MO
SA), 44, 52, 58, 59, 63, 106, 337

multiple choice decision-making
(MCDM), 336, 337, 357, 363

multiplier updating method, 232

multivariate probability distribution, 186

mutant individual, 134, 229, 230

mutation, 108, 110, 134, 135, 198, 199,
229, 230, 274, 387, 462

mutation probability, 114, 172, 276, 304,
342,462

naphtha pyrolysis, 57, 59
National Fire Protection Association
(NFPA), 453, 460, 461, 473, 474

natural gas, 41, 47, 57, 59-61, 63, 66,
73-75,71,78, 80, 82, 349, 350

net present value/worth (NPV), 41, 42, 47,
49, 56, 63,71, 72, 74, 80, 81, 336, 340,
341, 346, 449

NFPA ranking for flammability (NF), 460,
473, 474

NFPA ranking for health (NH), 461, 473,
474

NFPA ranking for reactivity (NR), 460,
473

NIMBUS, 47,71

no free lunch (NFL) theory, 336

noise, 401, 403, 404, 410

non-dominated set, 159-161

non-dominated solutions, 57

non-dominated sorting, 135, 136

non-dominated sorting genetic algorithm,
see NSGA-II

non-random two-liquid model (NRTL),
12, 253-261, 265, 271, 290, 429

normal boundary intersection (NBI), 56,
61

normalized normal constraint (NNC), 52,
56, 57, 61, 62, 67

NSGA-II, 7, 10, 12, 13, 14, 18, 39, 42-64,
69-76, 79-83, 130-132, 198, 199, 250,
303, 304, 320, 337, 342, 354, 355, 363,
365, 379, 387, 390, 407, 451, 462, 464,
471, 483, 484, 488

NSGA-II-alG, 48, 58-61, 65, 68, 85, 106,
108-113, 116-124, 132

NSGA-II-IG, 45, 58, 60, 63, 69, 106, 107,
109, 111

NSGA-II-mJG, 106, 107, 109, 111

NSGA-II-salG, 105, 106, 109, 111,
116-124

NSGA-II-sJG, 39, 106, 109, 110, 111,
116-124

number of function evaluations, 28

nylon-6, 57, 59, 111

on-site, 301

operating cost, 4, 14, 37, 43, 46, 47, 51,
63, 65,72, 75,78, 294, 299, 300, 340,
387, 425, 431436, 439, 443, 445, 450



optimal compromise solution, 409412

optimality, 190, 209, 221, 223-228, 251,
269, 409

optimal threshold, 400, 404, 405, 411,
412

optimization under uncertainty, 178, 184,
195, 206, 209

orthographic projection, 402

Osyczka problem, 114, 116, 123, 136-139

Otsu method, 400, 404406, 410-413

parameter estimation, 12, 37, 38, 40,
249-251, 253, 258, 268-272, 277, 282

Pareto domain, 481485, 488-491, 495,
498

Pareto front, 119, 136, 160, 199, 200, 205,
218, 251, 257, 260, 282, 335-337,
341-345, 357, 407, 409-412

Pareto-optimal front, 6, 7, 10, 15

Pareto-optimal solution, 5, 10, 13, 14

Pareto, Vilfredo, 5

partial pressure, 436, 439

particle swarm optimization (PSO), 7, 12,
130, 157, 250-261, 269, 445

partition, 161

p-diisopropyl benzene (PDIB), 455457,
464-466

peak width, 384, 385

penalty factors (for hazard potential
calculations), 454, 460, 472, 474

penalty function approach/method, 10, 63,
112, 129-132, 141, 231

percentage solids, 195

performance comparison, 106, 114, 121,
137, 145

performance criteria, 35, 42, 449, 479,
481, 483, 490, 491, 497, 498

performance metrics, 106, 107, 110,
116-118, 122, 124

permeate, 426433, 436-440, 443, 445

pervaporation, 37, 39, 44, 51, 81

petrochemical, 3, 5, 8, 9, 36, 37, 51, 57,
58,267, 318, 455

petroleum refineries, 9, 11, 17, 32, 36, 37,
57, 58, 159, 249, 293, 294, 296, 303,
315
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pharmaceuticals, 3, 5, 8, 9, 13, 36, 37, 57,
66, 67,71, 249

phase equilibria, 249-251, 253, 255, 257,
259-260

phase equilibrium data, 249, 254, 268,
269, 274, 290

phase equilibrium data modeling, 12, 268,
269

phthalic anhydride reactor, 57, 60

PI controller, 479481, 488—491, 495, 498

pinch analysis, 62, 85, 86, 295, 297, 298,
300, 303, 304, 315, 320

pixels, 404-406, 409, 414, 416, 418

polyethylene, 57, 58, 132

polymer filtration, 57, 58

polymerization, 8, 9, 36-38, 41, 57, 59,
62, 111, 131, 203, 249

pooling problems, 9, 17-19, 23, 25-28,
30-33

pooling (problem) network, 19, 21-23, 29

pooling problems - p-formulation, 19, 20

pooling problems - r-formulation, 19-23,
27,32,33

population balance, 194

population size (NP), 28, 114, 133, 136,
137, 143, 152, 167, 172, 233, 274, 304,
342, 355, 464

potential environmental impact (PEI), 43,
53,75, 450

power generation, 8, 9, 36, 37, 66, 72, 74,
301

power plant, 66, 75, 77, 82, 350

preference-based method, 218

preliminary design, 346, 450, 451, 459,
460, 464

pressure drop, 37, 45, 46, 53, 55, 388, 396,
427,431

principal component analysis (PCA), 56,
451, 484-488

principal component grid algorithm, 488

probability distribution, 186, 197-200, 405

process control, 452, 454, 456, 479

process design, 35, 38, 41, 42, 44, 55-57,
157, 233, 249, 268, 287, 297, 361-363,
429, 449-452, 459, 465, 471

process gain, 480, 488, 491
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process operation, 39

process simulator, 4, 253, 260, 303, 315,
354,433, 435

process systems engineering, 184, 267,
268

production capacity, 140, 143, 149, 346,
450, 464, 465

production rate, 18, 48, 68, 82, 83, 86,
147, 218, 233, 464

productivity, 37, 4042, 50, 52, 55, 57, 60,
61, 65-69, 71, 78-82, 140, 141, 143,
146-150, 195, 206, 235, 240, 388-397

product quality, 18, 19, 27, 28-32, 58, 66,
400, 418

product recovery, 388, 424, 425

profit, 18, 28-33, 35, 37, 41, 51-54, 57,
58, 62, 76, 80, 81, 294, 296, 303, 336,
340, 346, 388, 449

projection, 162, 402, 403, 486, 488

protein recovery, 48, 66, 68, 132

purchase cost (Cp), 351, 457, 458

purity, 45, 50, 58, 64, 79, 81, 347, 355,
369, 388, 389-397, 399, 425, 427-433,
435-446, 465

quality, 18-23, 25, 27-33
quality ratio, 29-31
quantile, 186, 187, 190, 211

rate-based approach, 429-430, 445

reactive distillation, 37, 50

real coded GA, 160

real coded NSGA-II, 106, 111, 387

reconciled data, 268, 272, 282-285

recourse variables, 184, 185

recycle flow rate, 37, 456, 464, 467

reformer, 294

regenerator, 296, 297, 304, 308, 309, 314,
320

regulatory on/off minimization, 219

relative integral time, 481, 482, 488, 489,
491, 493, 494, 496, 498

renewable energy, 8, 36, 37, 66, 72, 78-82

repair algorithm, 130, 132

resilience, 50, 218, 221, 222,238, 240, 242

retentate, 427, 430, 432, 442-443

retrofitting, 50, 66, 75, 77

retrograde condensation, 260

riser, 296, 297, 305, 309

robust MOGA (RMOGA), 157-174,
176-179

robust solution, 166, 167, 172, 174

rod mill, 193-196

rough set method, 38, 45

safety, 449-455, 459, 464, 471

safety weighted hazard index (SWeHI),
452-454, 459, 464

scalarization methods, 335, 336

scheduling, 45, 48, 49, 52, 54, 57, 63, 66,
67, 132

screw compressor, 431

search space, 3, 6, 10, 19, 21, 32

segmentation, 400, 401, 404, 406,
409-413, 418

selectivity, 35, 44, 45, 57, 60-65, 68, 392,
394, 396, 455, 466

self-adaptive strategy, 27

settling time, 481, 490, 497-500

sharpness index, 194,

simulated annealing, 7, 13, 106, 157, 250,
264, 269, 337, 408, 409, 418, 419

simulated moving bed reactor (SMBR),
37, 40, 45, 50

simulation based chance constrained
programming, 198, 206

single objective optimization (SOO), 7,
18, 131, 164, 218, 293, 294, 335, 360,
386, 400, 401, 404, 406408, 418,
434

size distribution, 195, 205

size of stack, 82, 84

social parameter, 251

solvent consumption, 387-390

Solver tool in MS Excel, 4, 26, 33,
142-153

source, 18-21, 23, 25

special representation, 130

spread, 7, 10, 61, 106, 110, 112-114,
116-124

SQP, 51, 59

SQP-Biegler, 435-436



SRN problem, 111, 114, 116, 121-123

stationary phase, 371-376, 379-382,
387-393

steam reformer, 57, 58, 84, 111

steam stripper, 13, 14, 423, 445

stochastic algorithm/method, 4, 7, 18, 26,
27, 66, 82, 116, 131, 136, 153, 250,
269, 291, 379

stochastic programming, 184

stopping/termination criterion, 27, 28,
106, 107, 110-118, 121-124

Strength Pareto Evolutionary Algorithm
(SPEA), 47, 50, 59, 67, 73, 130

stripper, 423, 425-437, 440-446

styrene reactor, 57, 60, 61, 63, 65, 131

superficial velocity, 384, 385

supply chain, 17, 37, 4047, 51, 53, 56,
65, 78-82, 85, 183, 185

surplus, 298, 328

sustainability, 336, 346348, 363

tabu list, 12, 28, 81, 269, 274

tabu radius, 28

tabu search, 7, 27, 41

target individual, 134, 135, 274, 276

targeting, 293, 294, 299, 303, 315, 332,
333

Taylor series, 190, 192, 212

termination criterion, see stopping
criterion

termination generation (Gr), 116-124

test functions, 115, 116, 137

thermal cracker, 57, 61

thermal processing, 66

thermodynamic models, 250, 253,
268-272, 282, 290

thermodynamics, 249, 253, 255, 269, 271,
298, 373

thermophysical properties, 249, 250, 253,
260, 262

thresholding, 399, 400, 401, 404, 406,
411-413, 418

time constant, 480, 488, 491, 498
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