
UNIVERSITAT POLITÈCNICA DE CATALUNYA 
 

Department of Chemical Engineering 
 
 

 

 
 
 
 
 

ENERGY OPTIMISATION AND 
CONTROLLABILITY IN COMPLEX 

DISTILLATION COLUMNS 

 
 
 

 
 

 
 
 

Autor: Maria Serra i Prat 
Director: Miquel Perrier 

 
 

Barcelona, june 2000 



-~"·"' - c , . - * • • • • -INDEX ---i .- ..' - i s,x

CHAPTER!. INTRODUCTION 1

1.1 SCOPE 1
1.2 MOTIVATION 1

7.2.7 Design 2
1.2.2 Operation 3
1.2.3 Control 3

1.3 OBJECTIVES 5
1.4 ORGANISATION OF THE THESIS WORK 5
1.5 CONTRIBUTION 7

CHAPTER 2. DIFFERENT DISTILLATION ARRANGEMENTS FOR MULTICOMPONENT
SEPARARATIONS..... ...9

2.1 ABSTRACT 9
2.2 INTRODUCTION 9
2.3 STEADY STATE ANALYSIS OF A DISTILLATION PROCESS 10

2.3.7 Design stage 77
2.3.2 Operation stage 77

2.4 DIFFERENT DISTILLATION ARRANGEMENTS FOR MULTICOMPONENT SEPARATIONS 12
2.4.7 Simple column with sidestream 73
2.4.2 Direct and indirect column sequences 75
2.4.3 Column with side rectifier and column with side stripper 20
2.4.4 The Petlyuk Column and the Divided Wall Column 24
2.4.5 Two other arrangements 28
2.4.6 Recollection 28

2.5 DISTILLATION REVERSIBILITY 29
2.5.7 Sufficient number of theoretical plates 29
2.5.2 Addition of intermediate heaters and coolers 29
2.5.3 Small pressure drop 30
2.5.4 Appropriate enthalpy of the feed. 30
2.5.5 Thermal coupling 37
2.5.6 Correct thermodynamic distillation sequence 37

2.6 DESIGN PROCEDURES FOR THE DWC 32
2.6.1 Design procedure with two decision variables 34
2.6.2 Design procedure with three decision variables 38

2.7 CONCLUSIONS 41

CHAPTER 3. APPROPRIATE ARRANGEMENTS FOR DIFFERENT SEPARATIONS 43

3.1 ABSTRACT 43
3.2 INTRODUCTION 43
3.3 REPORTED RESULTS OF OPTIMAL ARRANGEMENTS FOR THE SEPARATION OF MULTICOMPONENT MIXTURES.
ENERGY CRITERION 45
3.4 REPORTED RESULTS OF OPTIMAL ARRANGEMENTS FOR THE SEPARATION OF MULTICOMPONENT MIXTURES.
EXERGY CRITERION 47
3.5 COMPARISON BETWEEN MODELS OF FINITE COLUMNS AND MODELS OF INFINITE COLUMNS 49

3.5.7 Infinite DWC, direct sequence, and indirect sequence 49
3.5.2 Finite DWC, direct sequence, and indirect sequence 50
3.5.3 Infinite DWC, indirect sequence, and column with side stripper 57
3.5.4 Finite DWC, indirect sequence, and column with side stripper 52

3.6 COMPARISON BETWEEN SHARP AND NON-SHARP DISTILLATIONS 54
3.7 COMPARISON BETWEEN SHORTCUT SIMULATIONS AND RIGOROUS SIMULATIONS 55

3.7.7 Case study with rigorous simulations 55
3.8 NUMBER OF SECTIONS AND ENERGY OPTIMISATION 56
3.9 OPERATIONAL DOF AND ENERGY OPTIMISATION 58
3.10 CONCLUSIONS 59



CHAPTER 4. MIMO FEEDBACK CONTROL ANALYSIS OF THE DIVIDED WALL COLUMN 61

4.1 ABSTRACT 61
4.2 INTRODUCTION 61
4.3 THE MODELS 63

4.3.1 The non-linear model 63
4.3.2 The linear model 69

4.4 TWO OPERATING CONDITIONS 75
4.5 DEGREES OF FREEDOM AND CONTROL LEVELS 76
4.6 INVENTORY CONTROL 77

4.6.1 Controllers of the inventory control loops ..78
4.7 COMPOSITION CONTROL 79

4.7.1 The composition controllers ....79
4.7.2 Frequency domain analysis 80
4.7.3 Linear analysis tools 81
4.7.4 Search of the set of manipulated variables and the pairing 82

4.8 TUNING 93
4.9 SIMULATIONS AND COMPARISONS 96

4.9. J "DB " D WC: Comparison between L SPL1TD S structure at non-optimal operation and LSV
structure at optimal operation 97
4.9.2 "LV" DWC: D S B structure for non-optimal operation and optimal operation 106

4.10 LOGARITHM OF COMPOSITIONS 109
4.11 GENERALISATION... 112

4.11.1 DWC controllability for the separation of three different mixtures 772
4.11.2 Controllability at different operating conditions 775

4.12 L/DAND V/B AS MANIPULATED VARIABLES 120
4.13 CONCLUSIONS 120

CHAPTER 5. DYNAMIC MATRIX CONTROL APPLIED TO THE DIVIDED WALL COLUMN 123

5.1 ABSTRACT 123
5.2 INTRODUCTION 123
5.3 DESCRIPTION OFTHE PROGRAMMED DYNAMIC MATRIX CONTROL 124

5.3.7 Process identification and the model 725
5.3.2 DMC algorithm 725
5.3.3 Tuning parameters 726

5.4 USE OF DMC FOR THE COMPOSITION CONTROL OF THE DWC 127
5.5 IDENTIFICATION OF THE DWC SYSTEM 128

5.5.7 Influence of the identification steps 725
5.5.2 Inverse response 737

5.6 DMC TUNING IN A DWC APPLICATION 132
5.7 TUNING OF A "LINEAR DWC" 134
5.8 DMC FOR A DWC WITH "LV" INVENTORY CONTROL 135
5.9 COMPARISON BETWEEN DECENTRALISED FEEDBACK AND DMC STRATEGIES 136

5.9.7 Case study 1 737
5.9.2 Case study 2 754

5.10 DMC FOR A DWC WITH "DB" INVENTORY CONTROL AND COMPOSITION CONTROL! SPLITDS 160
5.11 NON-LINEAR MODEL PREDICTIVE CONTROL 162
5.12 CONCLUSIONS 162

CHAPTER 6. OPTIMISING CONTROL IN THE DIVIDED WALL COLUMN 165

6.1 ABSTRACT 165
6.2 INTRODUCTION : 165
6.3 CONTROL HIERARCHY , 166
6.4 STUDY OF THE OPTIMAL OPERATION 166

6.4.1 The DWC optimum calculation 767
6.4.2 Analysis of the response surface V(extraDOFl, extraDOF2) 168
6.4.3 Influence of the disturbances on the optimal operation 770

6.5 OPTIMAL OPERATION CHARACTERISATION. PROPOSED CONTROLLED VARIABLES FOR OPTIMISING CONTROL
170



6.6.1 The shape of the minimum .-.•;••- iy.a...^!Í'^.RS.{»^^..^,., ..172
6.6.2 Numerical comparison Between different candíSate^èdback varBíé7éíf...P5...9^.ï/U.o\\iV^.»"""".9 W
6.6.3 Results , ,;-..;.¡.. . .r...! •..-..•.•.IMH-.K: ."..'.* 176- - -• ' ' ' • • . ' ..̂ -*
6.6.4 Feedforward control 177
6.6.5 Change of example 179
6.6.6 Tuning of'the optimising control loop and simulations 180

6.7 OTHER CONTROL STRUCTURES 183
6.8 TYPICAL OPTIMISATION CONTROL STRATEGY 184
6.9 CONCLUSIONS 184

CHAPTER 7. CONTROLLABILITY OF THE DIVIDED WALL COLUMN DEPENDING ON DESIGN.. 187

7.1 ABSTRACT 187
7.2 INTRODUCTION 187
7.3 COMPARISON BETWEEN TWO OPTIMAL DESIGNS 188

7.3.1 Inventory control "DB" 189
7.3.2 Inventory control "LV" 207

7.4 STUDY OF NON-OPTIMAL DESIGNS 207
7.4.1 Comparison between the optimal design, Dl and D2 208
7.4.2 Comparison between the optimal design and design D3 273

7.5 CONTROLLABILITY OF DIFFERENT OPERATING CONDITIONS 214
7.6 CONCLUSIONS 216

CHAPTER 8. CONTROLLABILITY OF DIFFERENT DISTILLATION ARRANGEMENTS 217

8.1 ABSTRACT 217
8.2 INTRODUCTION 217
8.3 COMPARISON I: DESIGNS BASED ON RR/MRR-2 218
8.4 COMPARISON II: DESIGNS WITH RR/MRR= 1.23 225
8.5 COMPARISON III: DESIGNS WITH 46 TRAYS 229
8.6 COMPARISON IV: DESIGNS WITH 58 TRAYS 231
8.7 INVENTORY CONTROL STRUCTURES WITH INTERNAL FLOWS 233
8.8 CONCLUSIONS 237

CHAPTER 9. CONCLUSIONS AND DIRECTIONS FOR FUTURE WORK 239

9.1 CONCLUSIONS 239
9.2 DIRECTIONS FOR FUTURE WORK 243




