
C H A P T E R  V

C O N C L U S I O N S  A N D  R E C C O M M E N D A T I O N S

5.1 Conclusion
In this study, we have presented a simulation-based methodology for evaluating 

flowsheet design and control alternatives with regard to their controllability and closed- 
loop behavior. The systems approach is illustrated with an industrial case study on the 
reaction section o f HDA process. It is shown that the combination o f steady-state and 
dynamic simulations, together with a linear controllability analysis in the frequency 
domain.

In this case, we consider the two control structures that were designed by 
Kietawarin (2002). Two o f these structures are evaluated and compared based on 
rigorous dynamic simulation. A rigorous dynamic model for a realistic process, namely, 
HDA process was successfully developed using the commercial software, 
HYSYS.PLANT. The dynamic model was then used to apply and evaluate the system 
approach of Groenendijk et al. (2000) for selecting plantwide control structures for the 
HDA process.

In this approach a decentralized control structure is selected that contains only 
control loops with one input and one output. Furthermore, the inputs and outputs are 
arranged in such a way that the proportional gains in the corresponding controller matrix 
are on the diagonal, which explains the synonym “diagonal” control. The manipulated 
variables belong to different units, as could be expected from the steady-state analysis. A 
steady-state analysis alone turned out to be insufficient to obtain this result. So the 
controllability analysis was used to predict the interaction between the controller.

This proves that a linear contro llab ility analysis in the frequency domain w ith tool
like RG A number, PRG A and CLDG  is useful and is capable o f discriminating between
flowsheet and control structure in an effective way. In particular, using the controllability
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T h e  c a s e  s tu d y  fo c u s e d  o n  th e  o n l y  r e a c t io n  s e c t io n  o f  H D A  p ro c e s s .  T h e  s te a d y -  

s ta te  a n a ly s is  s u g g e s te d  u s in g  th e  c o n t r o l  s t r u c tu r e  2  to  c o n t r o l  t h e  r e a c t io n  s e c t io n  o f  

H D A  p ro c e s s .  H o w e v e r ,  d y n a m ic  s im u la t io n s  s h o w e d  th e  re s p o n s e s  h a p p e n  d r a s t ic a l ly  

o f  th e  th r e e  c o n t r o l  s t r u c tu r e ,  a n d  s o m e  lo o p  c o n t r o l  o f  th e  r e fe r e n c e  c o n t r o l  s t r u c tu r e  a n d  

th e  c o n t r o l  s t r u c t u r e l  h a v e  o s c i l l a t io n  a n d  b e c o m e  in t o  th e  n e w  s te a d y - s ta te  s lo w e r  th a t  

th e  s e c o n d  o n e ,  w h e n  a  s te p  o f  m a n ip u la t e d  v a r ia b le  in c re a s e d .

C o n t r o l l a b i l i t y  a n a ly s is  d e s c r ib e d  b y  P R G A  a n d  C L D G .  F o r  s e t p o in t  t r a c k in g  th e  

b o u n d s  a re  g iv e n  b y  th e  p e r f o rm a n c e  r e la t iv e  g a in s  a n d  f o r  d is t u r b a n c e  r e je c t io n  b y  th e  

c lo s e d - lo o p  d is t u r b a n c e  g a in s .  F o r  P R G A ,  th e  re s p o n s e  o f  th e  c o n t r o l  S t r u c tu r e 2  c a n  g iv e  

th e  r e s u l t  in t o  s a t is f ie d  b o u n d .  T h a t  m e a n s  th e  e f f e c t  o f  c h a n g in g  s e t p o in t  is  le s s  th a n  th e  

r e fe r e n c e  c o n t r o l  s t r u c tu r e  a n d  th e  f i r s t  o n e . H o w e v e r ,  f o r  C L D G  g iv e s  th e  r e s u l t  t h a t  th e  

r e fe r e n c e  c o n t r o l  s t r u c tu r e  a n d  th e  f i r s t  c o n t r o l  s t r u c tu r e  c a n  in je c t  th e  d is t u r b a n c e  b e t te r  

th a n  th e  s e c o n d  o n e . T h e  c o n s id e r e d  d is tu r b a n c e s  a re  th e  t e m p e r a tu r e  o f  F F to lu e n e  

s t r e a m  a n d  p r e s s u re  o f  F F H 2  s t r e a m .

H o w e v e r ,  im p o r t a n t l y ,  th e s e  b o u n d s  d e p e n d  o n  th e  m o d e l o f  th e  p r o c e s s  o n ly ,  th a t  

is , a re  in d e p e n d e n t  o f  th e  c o n t r o l le r .  T h is  m e a n s  th a t  f r e q u e n c y - d e p e n d e n t  p lo t s  o f  P R G A  

a n d  C L D G  m a y  b e  u s e d  t o  e v a lu a te  th e  a c h ie v a b le  c lo s e d - lo o p  p e r f o rm a n c e  

( c o n t r o l l a b i l i t y )  u n d e r  d e c e n t r a l iz e d  c o n t r o l .  P la n ts  w i t h  s m a l l  v a lu e s  o f  th e s e  m e a s u re s  

a re  p r e fe r r e d .  F u r t h e rm o r e ,  th e  v a lu e s  o f  C L D G  m a y  t e l l  th e  e n g in e e r  w h ic h  d is t u r b a n c e  

k  w i l l  b e  m o s t  d i f f i c u l t  t o  h a n d le  u s in g  f e e d b a c k  c o n t r o l .  T h is  m a y  p in p o in t  th e  n e e d  f o r  

u s in g  f e e d f o r w a r d  c o n t r o l ,  o r  f o r  m o d i f y i n g  th e  p ro c e s s .  T h e r e f o r e ,  a  g o o d  a n d  r e l ia b le  

p la n t - w id e  c o n t r o l  d e s ig n  m e th o d  s h o u ld  c o m b in e  b o t h  s y s te m a t ic  a n a ly s is  a n d  

e n g in e e r in g  ju d g e m e n t

analysis it appeared that the problems mainly come from the interaction between the
different units in the flowsheet. These solutions also are not as easily detected by intuitive
means, and stress the importance o f controllability tools even more.
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5.2 Recommendations
1. S tu d y  a n d  d e s ig n  th e  c o n t r o l  s t r u c tu r e  o f  h e a t - e x c h a n g e  n e tw o r k  o f  H D A  

p ro c e s s  in  p la n tw id e  c o n t r o l  p o in t  o f  v ie w .

2 . S tu d y  a n d  im p r o v e  th e  m e th o d o lo g y  o f  t u n in g  P ID  p la n tw id e  c o n t r o l  o f  H D A  

p ro c e s s
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