
CHAPTER i 
INTRODUCTION

In a m o d e m  c h e m ic a l p la n t, a la rge  n u m b er  o f  m e a su r e m e n ts  are av a ilab le  
as a re su lt  o f  d ig ita l d ata  a c q u is it io n  s y s te m s  an d  r e lia b le  lo w - c o s t  se n so r s . S uch  
d ata  are im p o rta n t for  p r o c e s s  m o n ito r in g , m o d e l id e n t if ic a t io n , o n lin e  o p tim iza tio n ,  
and p r o c e s s  c o n tr o l. H o w e v e r , p r o c e s s  m e a su r e m e n ts  are in e v ita b ly  con tam in a ted  
w ith  errors d u r in g  th e  m e a su r e m e n t, p r o c e s s in g  and  tr a n sm is s io n  o f  th e  m easu red  
s ig n a l. T h e  to ta l error in  a m e a su r e m e n t, w h ic h  is  th e  d if fe r e n c e  b e tw e e n  the 
m ea su r e d  v a lu e  an d  th e  true v a lu e  o f  th e  v a r ia b le , c a n  b e  rep r e se n te d  a s  th e  su m  o f  
th e  c o n tr ib u tio n s  fro m  tw o  ty p e s  o f  errors: ra n d o m  errors an d  g r o ss  errors. R an dom  
errors are u s u a lly  sm a ll in  m a g n itu d e  and  a lw a y s  p resen t in  a n y  m e a su r e m e n t. T h ese  
errors are a c c e p ta b ly  a s su m e d  to  f o l lo w  n o rm a l G a u ss ia n  d is tr ib u tio n . T h e y  can  be  
c a u se d  b y  p o w e r  su p p ly  f lu c tu a tio n , n o is e s ,  c h a n g e  in  a m b ie n t  c o n d it io n s  an d  so  on . 
O n  th e  o th er  h an d , g r o ss  errors (or  sy s te m a t ic  errors) are c a u se d  b y  n on ran d om  
e v e n ts  su c h  a s  in stru m en t m a lfu n c tio n in g , m isc a b lir a tio n , w e a r  and  co r r o s io n  o f  
se n so r s . P r o c e s s  le a k s , a lth o u g h  irre lev a n t to  a c c u r a c y  o f  m e a su r e m e n ts , are a lso  
c o n s id e r e d  g r o ss  errors b e c a u se  th e y  a f fe c t  p r o c e s s  c o n str a in ts  m o d e l u t i l iz e d  in  data  
r e c o n c ilia t io n  te c h n iq u e . G r o ss  errors h a v e  a  c er ta in  m a g n itu d e  an d  s ig n  w h ic h  m ay  
b e  u n k n o w n . T h e y  o c c u r  le s s  fre q u e n tly  but th e ir  m a g n itu d e s  are ty p ic a lly  larger  
th an  th o s e  o f  ra n d o m  errors.

E rrors in  m e a su r e d  d ata  u n d o u b te d ly  le a d  to  d e ter io ra tio n  in  p lant 
p e r fo r m a n c e . T h e y  d eg r a d e  p e r fo r m a n c e  o f  p r o c e s s  c o n tr o l an d  o n lin e  o p tim iz a tio n  
s y s te m  an d  in  s o m e  c a s e s ,  ca n  d r iv e  th e  p r o c e s s  in to  an  u n e c o n o m ic  or  - e v e n  w o rse  
-  an  u n sa fe  o p e r a tin g  r e g im e . It is  th ere fo re  im p o rta n t to  r e d u c e , i f  n o t  c o m p le te ly  
e lim in a te , th e  e f fe c t  o f  b o th  ran d o m  an d  g r o ss  errors. A m o n g  se v e r a l data 
p r o c e s s in g  te c h n iq u e s , d ata  r e c o n c ilia t io n  c o u p le d  w ith  g r o ss  error d etec tio n  
te c h n iq u e  is  th e  m o s t  im p o rta n t an d  e f f e c t iv e  o n e  to  a c h ie v e  th is  g o a l.

D a ta  r e c o n c ilia t io n  (D R )  is  a  te c h n iq u e  th at h a s  b e e n  d e v e lo p e d  to  im p rove  
th e  a c c u r a c y  o f  m e a su r e m e n ts  b y  r e d u c in g  th e  e f fe c t  o f  ra n d o m  errors in  th e  data. It 
m a k e s  u s e  o f  p r o c e s s  m o d e l co n stra in ts  (m a s s  an d  e n e r g y  b a la n c e )  an d  obtain  
e s t im a te s  o f  p r o c e s s  v a r ia b le s  b y  a d ju stin g  p r o c e s s  m e a su r e m e n ts  s o  that the
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estimates satisfy the constraints. If gross errors exist, they should be detected, 
identified and eliminated by gross error detection (GED) technique before data 
reconciliation can be applied.

One of the major obstacles in industry for the justification of the purchase 
and installation of data reconciliation software is that the benefit (in economic terms) 
is unclear and cannot be assessed. Two significant problems arise associated to any 
plant that desires to install a data reconciliation package. The first is to determine if 
the cost and the effort involved in purchasing such software and install it smaller 
than the benefits obtained. The second is the realization that there is not enough 
analytical redundancy in the system and therefore more instrumentation is needed.
To address these issues, Bagajewicz et a i ,  2003 and Bagajewicz, 2004b have 
presented the theory of economic value of precision and economic value of accuracy. 
Besides, the concept of software accuracy has been introduced as a base for 
developing the theory of economic value of accuracy (Bagajewicz, 2004a). 
Specifically, these papers developed expressions to obtain the expected downside 
financial loss DEFL associated to the precision and accuracy of the measurements 
and also the associated probability p which is viewed as the confidence with which 
the financial loss DEFL is known. The economical benefit of using data 
reconciliation software or adding a new instrumentation is the associate differences 
of financial loss with or without data reconciliation software or the new 
instrumentation (Bagajewicz, 2004b). While Bagajewicz (2004b) was able to derive 
analytical expressions for the financial loss under the presence of one gross error, he 
did not develop analytical forms for the expressions in the presence of more than one 
gross error, which consist of integrals with discontinuous integrands that do not . 
reduce to a closed form solution. In this work, we present two methods for 
calculating the expected financial loss and the associated probability when two or 
more gross errors are present in a system: approximation method and Monte Carlo 
method. The approximation method allows the approximate calculation of these 
integral expressions in the presence of more than one gross error. The Monte Carlo 
method calculates the integral expressions numerically. An example of financial loss 
calculation is provided.
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