
CHAPTER III 
PROCEDURE

In chapter I, there are three subtopics to m in im ize energy consum ption  
in gas separation plant. Thus, this chapter can be d ivided  into three 
procedures fo llo w in g  the ob jective o f  the research. PROII sim ulation  is used  
as a too l to find therm odynam ic properties and other inform ation. Table 3.1 
sh ow s the constrained parameters to assure the reliab ility  o f  process data 
representation.

Table 3.1 A ccuracy parameter o f  process sim ulation

Parameters Error Unit
F low  rate ± 10 %

Temperature ± 5 UC
Pressure ±  0 Bar

C om position ± 0 .05 -
U A  o f  heat exchanger ± 10 • %

3.1 Retrofit of Gas Separation Unit (Design and Actual Case)

Gas separation unit o f  PTT is chosen  as case study to retrofit in this 
research. This unit is the process for separating the natural gas undergo into  
m any kinds o f  products*, like N G L (natural gaso lin e), ethane, and LPG  
(L iq u efied  Petroleum  G as). The procedures o f  retrofit plant are d ivided  into  
three steps.

3.1.1 Data Extraction and Plant S im ulation
The inform ation o f  gas separation unit w as co llec ted  on 1 July  

20 0 4  w hich  con sists o f  designed  and actual data. The sim ulator, PROII 
p rovision , is used to sim ulate this unit by using the d esign ed  data at first.
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A fter that the actual data is applied by substituting sp ec ified  param eter in the 
sim ulator. There are four products produced from the unit; sa les gas 
(m ethane), ethane, LPG and natural gaso lin e  (N G L ). The purity o f  these  
products is very concerned and careful to sim ulate. Table 3 .2  show s the 
sp ec ifica tio n  o f  products in the unit.

Table 3.2 Product quality sp ecifica tion  o f  gas separation unit

Product Q uality
Ethane C3 < 1.5%

LPG C 5+ < 1.5%
NG L RVP < 13.5 bar

Sales Gas N /A

3 .1 .2  C alcu lation  and D esign in g  w ith Pinch A n a ly sis
A fter sim ulating the gas separation unit w ith PROII, the 

n ecessary  data and inform ation are m ass heat flo w  capacity , tem perature inlet 
and tem perature outlet for heat exchanger netw orks. In th is research, there are 
tw o m ethods, p inch analysis for heat exchanger netw ork and d istillation  
colum n targeting

3 .1 .2 .1  P in c h  A n a l y s i s  f o r  H e a t  E x c h a n g e r  N e t w o r k s  ( H E N s )
There are three procedures for ca lcu latin g  and design ing  

heat exchanger netw orks (H E N s). First step is using data from the first step to 
ca lcu la te  a llow ab le  m inim um  tem perature approach (ATmin). To find thr 
m inim um  tem perature approach (ATmin) o f  ex istin g  p rocess, the step w ise o f  
pinch an a lysis for heat exchanger network that is described  in chapter II is 
used. B y this m ethod, utility  requirem ents can be obtained for various ATmin 
and a tria l-and-error procedure to ascertain ATmin for the ex istin g  u tility  level. 
A fter know ing ATmin, the next step is finding energy usage and recovery in 
heat exchanger netw ork. The non optim um  energy conservation  is observed  
by three “rule o f  thum b” such as heat transfer across pinch. M od ify in g  new
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heat exchanger netw orks for optim um  energy conservation  as show n in Figure
3.1 is the last step.

Figure 3.1 M od ification  o f  heat exchanger netw orks.

3 .1 .2 .2  P in c h  A n a l y s i s  f o r  D i s t i l l a t i o n  C o lu m n
The first step is using data to generate colum n grand 

com p osite  curve (CG CC). The second  step is m od ify in g  these b elow  
param eters to in vestigate  energy consum ption  in colum n

๐ R eflux ratio
๐ Feed L ocation
๐ Feed condition  (H eating or C oolin g)
๐ ‘ S ide con d en sin g  and reboiling

3 .1 .3  Energy Integration
By the result o f  H EN s and d istilla tion  colum n targeting, the 

energy integration betw een  GCC and CGCC is observed  to find the energy  
m in im ization  opportunity.
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3.2 New Design of Stabilizer Unit

Stab ilizer unit planned to be constructed in the future is used to 
separate the heavy hydrocarbons before sending to gas separation unit. The 
procedure o f  this case is to check energy e ffic ien cy  o f  the design  o f  stabilizer  
unit.

3.2.1 Data Extraction and Plant S im ulation
B ecau se o f  the new  d esign  case, the data and inform ation o f  this 

stab ilizer  com e from the sim ulator directly. There are tw o m ain products, 
overhead gas to gas separation unit and natural gaso lin e  product. There is 
on ly  one know n sp ecifica tion  o f  product in the unit, the reid vapor pressure o f  
natural gaso lin e  o f  less than 12.8 Psig. To fo llo w  these constraints, 12.5 P sig  
o f  reid vapor pressure (A ST M  D 323) is sp ec ified  in the sim ulation .

3 .2 .2  C alcu lation  and D esign in g  w ith Pinch A n alysis
S im ilarly, in case o f  stab ilizer unit, there are tw o applications  

o f  p inch  an a lysis, H E N s design  and d istilla tion  colum n targeting.
3 .2 .2 .1  P in c h  A n a ly s is  f o r  H e a t  E x c h a n g e r  NetM ’o r k s  (H E N s)

The first step is using sim ulation  and ch oosin g  the 
m inim um  tem perature approach (ATmin) o f  the process. The secon d  step is 
find ing  pinch point and m inim um  u tilities  (hot and co ld ) o f  p rocess by the 
m ethod that described  in chapter II. The last step is using the m atching rule to 
d esign  the netw orks based on pinch analysis

• Pinch problem , using PDM  m ethod.
• U npinch problem , using Fast m atching algorithm .

(Ponton and Donalson, 1974)
3 . 2 .2 .2  P in c h  A n a ly s is  f o r  D is t i l la t io n  C o lu m n  T a r g e tin g

The first step is using data from the first step to calcu late  
and plot colum n grand com p osite  curve (C G C C ). F o llow  by m od ify in g  these  
param eters to in vestigate  energy consum ption in colum n
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๐ R eflux ratio 
๐ Feed L ocation
๐ Feed condition  (H eating or C oolin g)
๐ Side condensing  and reboiling

3 .2 .3  Energy Integration
By the result o f  H ENs and d istilla tion  colum n targeting, the 

energy integration betw een GCC and CGCC is observed to find the scope o f  
energy savings.

3.3 Sensitivity Analysis of Propane and LPG Production

At present, Gas separation plant o f  PTT produces sa les gas (m ethane), 
ethane and LPG as products. The depropanizer colum n in the unit is now  used  
to produce on ly  LPG. B ecause o f  reason for econ om ic, propane w ill be 
planned to produce in the near future by using depropanizer colum n and LPG 
is produced by side tray drawn from the colum n. The ob jective  o f  this topic  
is to find the optim um  condition  to operate and produce both propane and LPG  
by m inim um  reboiler and condenser duties. The important param eters are •

• C om position  o f  feed  stream
• Side tray for m axim um  LPG production (tray num ber =  80)
• Pressure o f  colum n (lim itation  o f  colum n pressure = 19 psig )

«

Product quaiity is used as the sam e constraint as other cases. The 
purity o f  products from this unit is show n in Table 3.3.



Table 3.3 P r o d u c t  q u a l i t y  s p e c i f i c a t i o n  in  c a s e  o f  p r o p a n e  p r o d u c t i o n

Product Q uality
Ethane C3 < 1.5%

Propane C 4+ < 0.01%
LPG C 5+ < 1.5%
NGL RVP < 13.5 bar

Sales Gas N /A

M oreover, propane and LPG flow  rate, w hich  are produced, are not m ore than 
100 kgm ol/hr.
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