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Summary Summary 

Summary y 
Thiss thesis brings the following contributions to the field of integration between 

designn and control: 

1.. Systemic, two-level approach to integrated design and control of chemical processes 

(Chapterr 1). This involves: i) design of controllable basic flowsheet structures (BFS), the 

buildingg blocks of chemical plants, and ii) coupling the BFS in a controllable flowsheet. 

Takingg into account the main task of plantwide control, which is to maintain the plant's 

masss balance, the integration of design and control can be achieved at a fundamental level 

off  the hierarchical conceptual design procedure. The reactor and separation are assumed to 

bee controllable, this assumption being an explicit task for their design. Then, plantwide 

controll  structures can be proposed and their performance can be assessed based on steady 

statee sensitivity analysis or on more advanced tools. Toluene hydrodealkylation plant is 

usedd as a case study. 

2.. Guidelines for controllable design of a heat-integrated prefractionator / side-stream 

columnn configuration for ternary separation. In Chapter 2, several design alternatives are 

presentedd and discussed. Multi-input multi-output (MIMO) controllability analysis is 

performedd based on linear models. It is demonstrated that the forward heat-integration 

arrangementt with a small prefractionator has the best dynamic performances. 

3.. Nonlinear approach to problems where state multiplicity and instability limits the range of 

controllablee designs. Chapters 3 and 4 study the steady-state and dynamic behaviour of 

heat-integratedd Plug-Flow Reactors. First-order, irreversible and reversible, exothermic 

reactions,, and adiabatic reactor operation are considered. The steady-state and dynamic 

behaviourr is classified by computing the hysteresis, isola, boundary-limit, double-zero and 

double-Hopff  varieties, which divide the space of design parameters in regions with 

differentt steady-state and dynamic bifurcation diagrams. State multiplicity, isolated 

solutionn branches and oscillatory behaviour are possible for realistic values of model 

parameters.. The influence of reaction kinetics and thermodynamics and feed-effluent heat-

exchangerr (FEHE) efficiency on the extent of multiplicity region is studied. Subsequently, 

itt is discussed how the results can be used to avoid operational problems and a design 

methodologyy is proposed. Further, Chapter 5 studies the interaction between design and 
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controll  of a heat-integrated PFR. Four different design alternatives, for which 

controllabilityy problems are expected, are investigated. Three different control structures 

aree considered. Linear controllability analysis shows that systems with small steam-

generatorr and large FEHE are difficult to stabilise. Bypass around the FEHE can not be 

usedd to reject disturbances and there is no incentive to control both FEHE and furnace 

outlett temperatures. The nonlinear behaviour of the controlled system is analysed by 

bifurcationn theory. The range of design parameters for which the system can not be 

stabilisedd is computed, by classifying the operating points according to their position 

relativee to different bifurcation varieties. This way, the meaning of "large" and "small" 

unitss becomes clear. The results are confirmed by nonlinear dynamic simulation. 

4.. Steady-state classification of ideal, binary distillation by rigorous application of the 

singularityy theory (Chapter 6). The mass reflux flow rate is considered as bifurcation 

parameter.. Codimension-2 varieties, dividing the feed composition - boilup parameter 

spacee into regions with different types of bifurcation diagrams, are computed. In this way, 

alll  possible bifurcation diagrams are identified. The effect of physical and design 

parameterss on the location and extent of the multiplicity regions is investigated. 

5.. Introduction of plant Damkohler number to study the nonlinear behaviour of the reactor 

separator-recyclee systems (Chapter 7). The plant Damkohler number (Da) and the 

separationn specifications are parameters of the dimensionless mole-balance equations. It is 

demonstratedd that reactant accumulation does not occur and operation is possible if Da > 

Da".Da". The critical value Da" corresponds to a bifurcation point of the mole-balance 

equationss and depends on separation performance. For one reactant recycle and high 

purityy separation, Da" = 1. When two reactants are recycled, multiple steady states are 

possible.. In this case, Da" depends also on the control structure. Close to Da", control 

structuress must change the reaction conditions in order to reject effectively the 

disturbances. . 

Chapterr 8 presents authors comments on the research needed in the field of 

integrationn between design and control. 
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