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With re lent less  g lobal izat ion in  p lace,  hyper  market  volat i l i t y  i s  the  new 
normal.  This  creates increased velocity in the marketplace with f luctuating 
f e e d s to c k  p r i c i n g,  i n ce s s a nt  co m m o d i t i e s  t ra d i n g,  ra p i d  d e m a n d  a n d 
supply  shi f ts,  as  wel l  as  rampant  currenc y movements.  In  th is  industr y 
shakeup,  we  see  new market  ent rants  cha l lenging  t rad i t iona l  market 
incumbents.  For  example,  the Middle  East  cont inues to  stake new ground 
wi th  newly  bu i l t  re f iner ies  whi le  the  s t rongest  Nor th  Amer ican  sha le 
p layers  defend thei r  market  share  with  great  res i l ience. 

H o w e v e r ,  r e f i n e r i e s  a r e  f a i r l y  c a u t i o u s  a b o u t  r i s i n g  c r u d e  o i l 
p r i c e s .  C o n o c o P h i l i p s  c h i e f  e x e c u t i v e  R y a n  L a n c e  i s  q u o t e d  i n  T h e 
C a l g a r y  H e r a l d ,  “ T h e  v o l a t i l i t y  i s  h e r e  t o  s t a y.  M a r k e t  r e b a l a n c i n g 
w i l l  e x t e n d  i n t o  2 0 1 7 .  T h e  i n v e n t o r y  l e v e l s  a r e  s t i l l  q u i t e  h i g h .” 
T h i s  i n d u s t r y  p e r s p e c t i v e  b u y s  r e f i n e r i e s  m o r e  t i m e  b e f o r e  p r i c i e r 
f e e d s t o c k  k i c k s  i n  e v e n t u a l l y. 

Focus ing on the macro economy,  Channel  News As ia  repor ted on global 
o i l  m a j o r s  s h e d d i n g  re f i n e r i e s ,  a s  c r u d e  o i l  p r i c e  t a ke s  a  g ro u n d e d 
recover y  t ra jec tor y.  Companies,  such as  Chevron and Royal  Dutch Shel l, 
are  auc t ioning smal l  re f iner ies  of f  thei r  por t fo l io  to  t r im lower  margin 
assets.  Fear ing higher  crude o i l  pr ices  wi l l  squeeze ref in ing margins,  o i l 
majors  with  ref iner ies  are  rushing for  the  ex i t.  This  i s  because ref iner ies 
can general ly  be  sold  at  better  pr ices  versus  the beleaguered explorat ion 
and produc t ion assets  belonging to  these  companies. 

Changing Market Dynamics Add to Complexity 
D e m a n d  i s  s h i f t i n g  towa rd  l i g hte r  p ro d u c t s,  a n d  t h e  q u a l i t y  o f  o i l  i s 
c h a n gi n g  to  m o re  s o u r  a n d  h e av y  c ru d e s.  Env i ro n m e nt a l  re s t r i c t i o n s 
impose t ighter  fuel  spec i f icat ions  in  many locat ions.  Process ing is  now 
m o re  c h a l l e n g i n g,  ex p e n s i ve  a n d  co m p l ex .  S e l e c t i n g  c ru d e  o i l  s l ate s 
that  reach  prof i tab i l i t y  goa ls  and  meet  f ina l  produc t  spec i f i cat ions  i s 
operat ional ly  compl icated,  especia l ly  when ref iner y  complexi t y  ranges 
f rom a  s imple  topping operat ion to  a  deep convers ion fac i l i t y  integrated 
with  a  petrochemical  p lant.  The probabi l i t y  of  susta ined low oi l  pr ices 
i s  f o rc i n g  o w n e r - o p e r a t o r s  t o  a d o p t  c o s t - c u t t i n g  a n d  p e r f o r m a n c e 
i m p r o v e m e n t  p r o g r a m s  t h a t  f o c u s  o n  a s s e t  u t i l i z a t i o n ,  d o w n t i m e 
reduc t ion,  improved produc t  qual i t y  and greater  y ie ld. 
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Maximize Profi tability with a Refi nery-Wide Process Model

B e c a u s e  o f  t h e  f l u c t u at i o n s  i n  o i l  p r i ce s,  t h e  re f i n e r i e s  a re  l e g i t i m ate l y  c a u t i o u s,  at  l e a s t  t i l l  t h e  m a r ke t 
re b a l a n ce s.  Th e  c h a n g i n g  m a r ke t  d y n a m i c s  a n d  s t r i c te r  e nv i ro n m e nt  n o r m s  h ave  o n l y  a d d e d  to  t h e  co m p l ex i t i e s 
i n  t h e  re f i n e r y  o p e rat i o n s.  Th e  a r t i c l e  i d e nt i f i e s  s p e c i f i c  p ro ce s s  a re a s  fo r  p ro f i t  i m p rove m e nt,  a s  t h e  re f i n e r i e s 
g e n e ra l l y  o p e rate  w i t h  l ow  m a rg i n s  a n d  s u g g e s t s  t h e  b e n e f i t s  o f  i nte g rat i n g  p l a n n i n g  a n d  p ro ce s s  s i m u l at i o n 
to o l s  to  e n h a n ce  o p e ra b i l i t y. 

The goals  are  s imple,  but  re f iner ies  are  not.  The complexi t ies  of  re f iner y 
o p e r a t i o n s  a n d  c o n f i g u r a t i o n s  m a k e  t h e  d e c i s i o n - m a k i n g  p r o c e s s 
ex tremely  d i f f icul t,  espec ia l ly  given the uncer ta int y  and di f ferences  in 
feed spec i f icat ions,  produc t  demand and economic  objec t ives.

Volatility Bites but We Have the Antidote
Companies no longer need to be at  the merc y of  industr y trends,  as market 
volat i l i t y  can be mit igated.  B es ides  being prepared for  sudden market 
sh i f t s,  re f iner ies  should  look  to  max imiz ing  pro f i t  and  der ive  greater 
bus iness  value f rom thei r  assets  by  capita l iz ing on market  oppor tunit ies. 
Co m p a n i e s  c a n  t r a n s f o r m  t h e i r  f o r t u n e s  b y  l e v e r a g i n g  i n n o v a t i v e 
technologies  in  a  s t rategic  manner.  Hol i s t i ca l ly,  asset  opt imizat ion  i s 
an overarching approach that  forms the bas is  of  susta inable  operat ional 
excel lence and prof i tabi l i t y.  In  opt imiz ing asset  per formance,  companies 
make better  dec is ions. 

M o r e  s p e c i f i c a l l y ,  r e f i n e r y - w i d e  p r o c e s s  m o d e l s  c a n  b e  u s e d  t o 
ident i fy  spec i f ic  process  areas  for  prof i t  improvement,  of fer  a l ternat ive 
i m p r o v e m e n t  p l a n s ,  a n d  p r e d i c t  a n d  c o m p a r e  t h e  i m p a c t  o f  e a c h 
a l te r n a t i ve  o n  re f i n e r y  p ro f i t s .  A  re f i n e r y  w i d e  m o d e l i n g  c a p a b i l i t y 
can  eva luate  the  impac t  o f  re f iner y  expans ions  or  improvements,  and 
determine operat ional  responses  to  unexpec ted events. 

A New Refinery-Wide Model
Process simulation tools have helped refineries make the right decisions and 
respond to operational issues. However, the standard approach to simulating 
processes wil l  not deliver the step change in per formance that ref ineries 
need going for ward. What is  required is  a complete and robust engineering 
system that can simulate the full  ref iner y,  offer  decision-suppor t tools for 
effective responses and calculate costs to al ign with economic objectives.

E x i s t i n g  re f i n e r y - w i d e  m o d e l s  c a n  b e  c u m b e r s o m e  a n d  c o m p l e x .  A 
m a n a g e a b l e  a n d  e a s y - t o - u s e  re f i n e r y - w i d e  s i m u l a t i o n  m o d e l  t h a t 
f a c i l i t ate s  b e t te r  d e c i s i o n  m a k i n g  w i l l  a l l ow  re f i n e r i e s  to  e f f e c t i ve ly 
i d e n t i f y  s p e c i f i c  p r o c e s s  a r e a s  i n  n e e d  o f  i m p r o v e m e n t ,  g e n e r a t e 
al ternat ive improvement plans and predic t  the impac t  of  each alternat ive 
on overal l  prof i tabi l i t y. 
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S u c h  a  r e f i n e r y - w i d e  p r o c e s s  m o d e l  i s  p o s s i b l e  w i t h  t h e  l a t e s t 
advancement in process s imulation technologies.  This  innovative ref iner y-
wide s imulat ion model  makes  use  of  a  mix ture  of  shor t- cut  and r igorous 
sub -models.  Unl ike  convent ional  re f iner y-wide  models,  these  models 
can be mainta ined in  house and do not  require  ex tens ive  suppor t  f rom 
expensive  th i rd  par t y  consultants.

The  f i r s t  s tep  in  deve loping such  a  re f iner y-wide  process  model  i s  to 
reproduce the ref iner y-wide planning model.  This is  enabled by “shor t- cut 
petroleum reactor sub models” available within some process simulators that 
are an exact replica of the reactor representation used in the planning model. 

I nte grat i o n  i s  t h e  ke y.  Th i s  re f i n e r y  w i d e  m o d e l ,  w h i c h  i s  a  “c l o n e” o f 
t h e  p l a n n i n g  m o d e l ,  h a s  t h e  s a m e  l e ve l  o f  s o p h i s t i cat i o n  a n d  a cc u ra c y 
a s  a  p l a n n i n g  m o d e l .  Th e  r i g o r  o f  t h e  p ro ce s s  s i m u l at i o n  m o d e l  ca n  b e 
f u r t h e r  e n h a n ce d  by  s e l e c t i ve ly  i n s e r t i n g  r i g o ro u s  m o d e l s  o f  re a c to r 
u n i t s  u s i n g  gra p h i ca l  e n g i n e e r i n g  f l ow s h e e t  te c h n o l o g y.  Th i s  i s  m a d e 
p o s s i b l e  by  t h e  ava i l a b i l i t y  o f  co m p l e te  s u i te  o f  re f i n e r y  re a c to r  k i n e t i c 
m o d e l s  i n  a dva n ce d  p ro ce s s  s i m u l at i o n  s o f t wa re  s u i te s.  Th i s  a p p ro a c h 
a l lows re f iner y  process  engineers  to  contro l  the  robustness  of  the  model, 
whi le  ensur ing the  necessar y  r igor  for  accurate  re f iner y  margin  analys is.

This  re f iner y-wide model  uses  a  hybr id  approach of  l inear  models  for 
high-level  per formance analys is,  and ful ly  r igorous crude dist i l lat ion and 

reac tor  models  for  more r igorous  operat ional  analys is.  The ref iner y-wide 
model  can be fur ther  ex tended to  inc lude other  r igorous  sub -models,  as 
necessar y,  to  suppor t  var ious  bus iness  scenar ios.

S u c h  a  re f i n e r y - w i d e  p ro c e s s  s i m u l a t i o n  m o d e l  c a n  b e  u s e d  t o  p re d i c t 
t h e  i m p a c t  o f  c a p i t a l  p r o j e c t s ,  s u c h  a s  r e c o n f i g u r a t i o n s  p l a n n e d 
t o  t a i l o r  t h e  r e f i n e r y  t o  d i f f e r e n t  c r u d e  a n d  p r o d u c t  m i x e s .  I t  c a n 
a l s o  b e  u s e d  t o  e v a l u a t e  t h e  e c o n o m i c  f e a s i b i l i t y  o f  o p e r a t i o n a l 
i m p r o v e m e n t s ,  s u c h  a s  a  c h a n g e  i n  t h e  c a t a l y s t  f o r  t h e  F C C  u n i t , 
o r  t o  d e t e r m i n e  t h e  r i g h t  r e s p o n s e  t o  u n e x p e c t e d  e v e n t s ,  s u c h  a s 
b r e a k d o w n  o f  a  k e y  p u m p. 

Integrating Planning and Process Simulation Tools 
with a Single Flow Sheet
Var y ing ref iner y  operat ing condit ions  can cause planning models,  used 
by ref iner y planners,  to  become outdated.  This  makes them ineffec t ive for 
opt imal  re f iner y  operat ions  planning.   This  i s  a  ser ious  concern for  most 
re f iner ies,  which t ypical ly  run on low prof i t  margins  usual ly  around 5%. 
R igorous  and predic t ive  process  s imulat ion sof t ware  can help  ref iner ies 
update  thei r  p lanning model.  This  enables  them to  operate  so  as  to  make 
the most  prof i table  produc t  s late  out  of  the  most  economical  feedstock .

T h e  c a l i b r a t i o n  f a c i l i t y  i n  p r o c e s s  s i m u l a t i o n  t o o l s  e n s u r e s  t h a t 
t h e  r e f i n e r y  m o d e l  s i m u l a t e d  i s  a n  a c t u a l  r e f l e c t i o n  o f  c u r r e n t 

Refineries typically operate with low margins of around 5% or less, their operations are heavily influenced by rapidly changing market conditions. This means that margin 
analysis is a crucial exercise for refineries. It is also a necessity to consider advanced engineering process simulation software, which enables refinery wide process modeling
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o p e r a t i n g  c o n d i t i o n s .  Ke y  p a r a m e t e r s  o b t a i n e d  f ro m  t h e  c a l i b r a t e d 
s i m u l a t i o n  m o d e l  c a n  b e  t r a n s f e r re d  i n t o  t h e  p l a n n i n g  t o o l  s o  a s  t o 
u p d a t e  t h e  p l a n n i n g  m o d e l  u s e d  b y  t h e  t o o l .  B y  s h a r i n g  t h e  s a m e 
c r u d e  o i l  a s s a y  i n f o r m a t i o n ,  p l a n n i n g  a n d  p ro c e s s  s i m u l a t i o n  m o d e l s 
a r e  c o n s i s t e n t  a n d  c o n t r i b u t e  t o  b e t t e r  o p e r a t i o n a l  p e r f o r m a n c e . 
C r u d e  d i s t i l l a t i o n  u n i t  (C D U )  m o d e l s  i n  a d v a n c e d  p ro c e s s  s i m u l a t i o n 
s o f t w a re  c a n  b e  c a l i b r a t e d  t o  p ro v i d e  c o n f i g u r a t i o n  p a r a m e t e r s  f o r 
p l a n n i n g  m o d e l  s l o p p y  c u t s  t o  b e t t e r  m a t c h  p l a n t  p e r f o r m a n c e .  Th e 
i n t e g r a t i o n  o f  C D U  m o d e l i n g  i n  t h e  p l a n n i n g  a n d  p ro c e s s  s i m u l a t i o n 
t o o l s  s i g n i f i c a n t l y  s i m p l i f i e s  t h e  w o r k f l o w  u s e d  t o  u p d a t e  t h e  C D U 
p o r t i o n  o f  t h e  p l a n n i n g  m o d e l .

M o s t  i m p o r t a n t l y,  t h e  wo r k f l o w s  i n v o l v e d  i n  u p d a t i n g  t h e  re f i n e r y 
p l a n n i n g  to o l s ,  a s  we l l  a s  t h e  n e w  re f i n e r y- w i d e  p ro ce s s  s i m u l at i o n 
m o d e l ,  i n i t i a t e s  a  c u l t u r e  o f  t r u e  p a r t n e r s h i p  b e t w e e n  r e f i n e r y 
p l a n n e r s  a n d  p ro ce s s  e n g i n e e r s.  I t  b u i l d s  a  s y s te m  w h e re  p l a n n e r s  u s e 
re f i n e r y- w i d e  p l a n n i n g  m o d e l s  to  co n d u c t  ra p i d  e co n o m i c  e va l u at i o n s, 
w h i l e  p ro ce s s  e n g i n e e r s  u s e  re f i n e r y- w i d e  p ro ce s s  m o d e l  to  p rov i d e 
a  m o re  a c c u r a te  p ro f i t  m a rg i n  a s s e s s m e n t  o n  a  c a s e - b y - c a s e  b a s i s . 
Th i s  co l l a b o rat i ve  u s e  e n a b l e s  a  h o l i s t i c  v i e w  o f  p l a nt  o p e rat i o n s  a n d 
s u p p o r t s  f l ex i b l e  a n d  a g i l e  re f i n i n g  o p e rat i o n .

Two is Better than One
Indeed,  the integrat ion of  process s imulat ion and planning funct ional i t ies 
r ight  at  the hear t  of  the plant  is  the s i lver  bul let  to  mit igate hyper  market 
volat i l i t y.  S imi lar ly,  locking in  increased ref iner y  prof i tabi l i t y  i s  c ruc ia l 
i n  a  wo r l d  w h e re  n e w  co m p e t i to r s  e m e rg e  re g u l a r l y  a n d  t ra d i t i o n a l 
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Best practices to reconfigure refineries include leveraging robust refinery wide simulation models that can be developed quickly and economically. Benefits include enhanced 
performance, better yield, stronger feedstock processing ability, improved operational efficiency and improved profit margin.

st rongholds  get  broken down.  Ref iner ies  do need to  adopt  operat ional 
excel lence to  der ive  the benef i ts  of  bus iness  susta inabi l i t y  and thr ive  in 
a  wor ld  of  increas ing volat i l i t y.   


