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A pp en dix  B

S u g g e s te d  e v a lu a t io n  c r i te r ia  a n d  r a n k in g  s y s te m  f o r  th e  S e v e r i ty  o f  E ffe c ts  in a
p r o c e s s  F M E A

(http://w w w .fm eca.com /f6nethod/tables/pfm ea.htm i)
E ffe c t C rite r ia :  S e v e r ity  o f  E ffe c t  f o r  P F M E A R a n k

Hazardous -  no 
warning

May endanger m achine operator or assem bly operator. Failure 
affects safe product operation or noncom pliance with governm ent 
regulation. Failure w ill occur without warning.

10

Hazardous -  with 
warning

May endanger machine operator or assem bly operator. Failure 
affects safe product operation or noncom pliance with governm ent 
regulation. Failure w ill occur with warning.

9

Very High Major disruption to production line. 100% o f  product may have to 
be scrapped. The product is inoperable w ith loss o f  primary 
Function.

8

H igh M inor disruption to production line. Product may have to be sorted 
and a portion scrapped. The product is operable, but at a reduced 
level o f  performance.

7

M oderate M inor disruption to production line. A  portion o f  the product may 
have to be 'crapped (no sorting). Product is operable, but som e  
com fort /  convenience item(s) are inoperable.

6

L o w ' Minor disruption to production line. 100% o f  the product m ay have 
to be reworked. Product is operable, but som e com fort / 
convenience Items operate at a reduced level o f  performance.

5

Very Low M inor disruption to production line. Product may have to be sorted 
and a portion reworked. Fit & finish or squeak & rattle item  does 
not conform. M ost Customers notice the defect.

4

M inor M inor disruption to production line. A  portion o f  the product may 
have to be reworked on-line but out-of-station. Fit & finish or 
squeak & rattle item does not conform . Average custom ers notice 
the d e fec t

3

V ery Minor M inor disruption to production line. A  portion o f  the product may 
have to be reworked on-line but in-station. Fit & finish or squeak &  
rattle item does not conform . D iscrim inating custom ers notice the 
defect.

2

N one The Failure M ode has no Effect. 1

http://www.fmeca.com/f6nethod/tables/pfmea.htmi
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A p p en d ix  c

S u g g e s te d  e v a lu a t io n  c r i te r ia  a n d  r a n k in g  s y s te m  f o r  th e  S e v e r i ty  o f  E f fe c ts  in a
d e s ig n  F M E A

(http://www.fm eca.coni/ffinethod/tables/dfrnea.htm l)
E ffe c t C rite r ia : S e v e r i ty  o f  E ffe c t f o r  D F M E A R a n k

Hazardous -  no 
warning

Failure affects safe product operation or involves noncom pliance 
with government regulation without warning.

10

Hazardous -  with 
warning

Failure affects safe product operation or involves noncom pliance  
with government regulation with warning.

9

Very High Product is inoperable with loss o f  primary Function. 8
High Product is operable, but at reduced level o f  performance. 7
Moderate Product IS operable, but com fort or convenience ltem (s) are 

inoperable.
6

Low Product is inoperable, but comfort or convenience item (s) operate at 
a reduced level o f  performance.

5

Very Low Fit & finish or squeak & rattle Item does not conform. M ost 
customers notice defect.

4

M inor Fit & finish or squeak & rattle Item does not conform. Average  
customers notice defect.

3

Very iVIinor
ร

Fit & finish or squeak & rattle Item does not conform. 
Discriminating customers notice defect.

2

N one N o Effect. 1

http://www.fmeca.coni/ffinethod/tables/dfrnea.html
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S u g g e s te d  e v a lu a t io n  c r i te r ia  a n d  r a n k in g  s y s te m  f o r  th e  O c c u r r e n c e  o f  F a ilu r e
in a  P r o c e s s  F M E A

(http://w ww .fm eca.com /ffm ethod/tables/pfrneal.htm l)
P robab ility  o f  F ailure F ailu re

R ates
Cpk R ank

Very High: Failure IS alm ost inevitable > l in 2 < 0 .3 3 10

l in 3 > 0 .3 3 9

High: Generally associated with processes similar to previous 
processes that have often failed

1 in 8 > 0 .5 1 8

1 in 20 > 0 .6 7 7

Moderate: Generally associated with processes similar to pervious 
processes w hich have experienced occasional failures, but not in 
major proportions

ร'

1 U1 80 > 0 .8 3 6

1 in 400 > 1.00 5

l in 
2000

> 1.17 4

Low: Isolated failures associated with similar processes 1 in 
15,000

> 1.33 3

V ery Low: Only isolated failures associated with alm ost identical 
processes

1 in
150,000

>  1.50 2

Rem ote: Failure is unlikely. N o failures ever associated with 
alm ost identical processes

< l in 
1,500,00  

0

> 1.67 1

http://www.fmeca.com/ffmethod/tables/pfrneal.html


A p p en d ix  E

S u g g e s te d  e v a lu a t io n  c r i te r ia  a n d  r a n k in g  s y s te m  f o r  th e  O c c u r r e n c e  o f  F a ilu r e
in a  d e s ig n  F M E A

(http://www.fmeca.com/ffmethod/tables/dfmeal.html)
P ro b a b ility  o f  F a ilu re F a ilu re

R a te s
R a n k

Very High: Failure is almost inevitable > 1  m 2 10

1 in 3 9

High: Repeated failures 1 U1 8 8

1 in 20 7

Moderate: Occasional failures

ร

1 in 80 6

l in 400 5

1 in 
2000

4

Low: Relatively few failures l in 
15,000

3

Remote: Failure IS unlikely 1 in
150,000

2

Remote: Failure is unlikely. No failures ever associated with 
almost identical processes

< 1 in 
1,500,00 

0

1

http://www.fmeca.com/ffmethod/tables/dfmeal.html
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A pp en dix  F

S u g g e s te d  e v a lu a t io n  c r i t e r ia  a n d  r a n k in g  s y s te m  f o r  th e  D e te c t io n  o f  a  C a u s e
o f  f a i lu r e  o r  F a i lu r e  M o d e  in a  p r o c e s s  F M E A

(http://www.fmeca.com/ffmethod/tables/pfmea2.html)
D etec tio n C rite r ia :  L ik e lih o o d  o f  D e tec tio n  b y  P r o c e s s  C o n tro l R a n k

Almost
Impossible

No known Controls available to detect Failure Mode or Cause 10

Very Remote Very remote likelihood current Controls with detect Failure Mode 
or Cause

9

Remote Remote likelihood current Controls with detect Failure Mode or 
Cause

8

Very Low Very low likelihood current Controls with detect Failure Mode or 
Cause

7

Low Low likelihood current Controls with detect Failure Mode or Cause 6
Moderate Moderate likelihood current Controls with detect Failure Mode or 

Cause
5

Moderately High Moderately high likelihood current Controls with detect Failure 
Mode or Cause

4

High High likelihood current Controls with detect Failure Mode or Cause 3

Very High Very high likelihood current Controls with detect Failure Mode or 
Cause

2

Almost Certain Current Controls almost certain to Failure Mode or Cause. Reliable 
detection controls are known with similar processes.

1

http://www.fmeca.com/ffmethod/tables/pfmea2.html
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A pp en dix  G

S u g g es ted  evaluation  criteria  and  ranking  system  fo r  the D etection  o f  a Cause  
o ffa ilu re  or F ailure M ode in a design F  M E  A  

(http://www. fmeca.com/ffrnethod/tabies/dfmea2 -html)
D e te c tio n C riteria : L ik e lih o o d  o f  D e tec tio n  b y  D e s ig n  C o n tro l R a n k

Absolute 
บท certainty

Design Control does not detect a potential Cause of failure or 
subsequent Failure Mode; or there is no Design Control

10

Very Remote Very remote chance the Design Controls will detect a potential 
Cause of failure or subsequent Failure Mode

9

Remote Remote chance the Design Controls will detect a potential Cause of 
failure or subsequent Failure Mode

8

Very Low Very low chance the Design Controls will detect a potential Cause 
of failure or subsequent Failure Mode

7

Low Low chance the Design Controls will detect a potential Cause of 
failure or subsequent Failure Mode

6

Moderate Moderate chance the Design Controls will detect a potential Cause 
of failure or subsequent Failure Mode

5

Moderately High Moderately high chance the Design Controls will detect a potential 
Cause of failure or subsequent Failure Mode

4

High High chance the Design Controls will detect a potential Cause of 
failure or subsequent Failure Mode

3

Very High Very high chance the Design Controls will detect a potential Cause 
of failure or subsequent Failure Mode

2

Almost Certain Design Controls will almost certainly detect a potential Cause of 
failure or subsequent Failure Mode

1

http://www
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Appendix H

Questionnaire

1. Suitability of upper and lower limit of the criteria

Criteria L.L. too 
low

L.L. too 
high

U.L. too 
low

U.L.too 
high

Suitable

Severity of the effect
Occurrence of the failure mode
Detection of the failure mode

2. Suitability of level width of criteria’s level

Criteria Too narrow Suitable To wide

Severity of the effect
Occurrence of the failure mode
Detection of the failure mode

3. Ofher criteria should be considered
1.  
2.  

3. __________________________
4.
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Table 1-1: List o f failure mode from suggestion activity

Section

code

Process serv ice  

function

Potential Failure 

M ode

Potentia l E ffect (ร) o f 

Failure

S e

V
Potentia l C ause(s) 

/M e chan ism (s) o f

0  c  c D e tec tion  M ethod D e t R. P. N. R ecom m ended  A c tion R em ark

VDU-1 Feed prehea ting  

section

VDU-2 Heater section H eater's  e ffic ie ncy  is 

low

Loss steam  fo r a tom iz ing  

and fue l oil

6 1. Too h igh  a ir flow  rate 

(excess air).

7 %  E xcess O xygen , (d ire c tly  

e ffe c t to  hea te r e ffic ie ncy )

2 84 R educe  a ir flo w  to  the 

heater.

2. Too h igh  vacuum  

(heate r d raft).

Fire box p ressu re  in d ica to r 2 can  not ca lcu la te  PRN be ca su e  

can  not estim ate the o c cu rre n ce  

o f the  fa ilure

VDU-3 Vacuum

distilla tion  co lum n

Too m uch s trip p in g  

steam

Loss o f steam steam  con tro l va lve  

fa ilu re

M onito r % out pu t o f the 

con tro l va lve

6 can  not ca lcu la te  PRN be ca su e  

can  not estim ate the  loss o f 

steam

VDU-4 S tripp ing  section

PDA-1 Feed/Extraction

section

H eating co il o f the 

co lum n is not w ork ing  

properly .

Loss steam 6 1. S team  tra p  does not 

function , (not open)

10 H eating rate to  the  co lum n is 

not enough.

2 120 C heck  the  fun c tion  o f 

steam  traps.

2. S team  tra p  does not 

function , (not c lose)

H ighe r con sum p tio n  o f steam  

flow  to  the  heater.

2 C an not ca lcu la te  the RPN 

be cause  can  not estim a te  the 

o ccu rren ce  o f the  fa ilu re

3. H eating co il is 

fou ling

H eating rate to  the  co lum n is 

not enough.

4 Can not ca lcu la te  the RPN 

be cause  can not estim ate  the 

o ccu rren ce  o f the  fa ilu re

PDA-2 DAO recovery 

section ' ■ ■

•



Section

cod e

P rocess se rv ice  

func tion

Potential Failure 

M ode

Potentia l E ffect (ร) o f 

Failure

S e

V

Potentia l C ause(s) 

/M e chan ism (s ) o f

0  c  c D e te c tion  M ethod D e t R. P. N. R ecom m en ded  A ction R em ark

PDA-3 S olvent recovery  

sec tion

PDA-4 A sp h a lt recovery  

sec tion

H ot oil exch ange r 

fou ling

loss o f fue l oil The e x ch a n g e r has 

been used  fo r long tim e

M o n ito r the e fffic ie n cy  o f the 

e x ch a n g e r

6 can  not c a lc u la te  PRN be ca su e  

can  not es tim a te  the  loss o f fuel 

o il o cc u rre n c e  o f the fa ilu re

MPU-1 F eed /Extraction 

sec tion

The tem pera ture  

ou tle t o f AFC is 

con tro lled  bv  us ina

Loss o f e lec tric ity . 4 The d e s ig n  is not 

op tim iza tion .

10 M easure  the  cu rre n t 

con sum ed  b y  AFC  m otor.

2 80

MPU-2 Raffinate recovery 

sec tion

Too m uch s trip p in g  

steam

Loss o f steam steam  con tro l va lve  

fa ilu re

M on ito r % ou t p u t o f the 

con tro l va lve

6 C an not c a lc u la te  the RPN 

be cause  can  not es tim a te  the 

o c c u rre n ce  o f the  fa ilu re

MPU-3 E xtract recovery 

section

Too m uch s tr ip p in g  

steam

Loss o f steam steam  con tro l va lve 

fa ilu re

M on ito r % ou t pu t o f the 

con tro l va lve

6 C an not c a lc u la te  the RPN 

be ca u se  c a n  not estim a te  the 

o cc u rre n c e  o f the  fa ilu re

MPU-4 Solvent recovery 

section

HFU-1 Feed/R eactor

section

H ot oil e xch ange r 

fou ling

loss of fue l oil The e x ch a n g e r has 

be en  used fo r long tim e

M onito r the  e fffic ie n cy  o f the 

e xch a n g e r

7 C an not c a lc u la te  the  RPN 

b e cause  can  not estim a te  the 

occu rre n ce  o f the  fa ilu re

HFU-2 S tripp in g  section Too m uch s trip p in g  

steam

Loss o f steam steam  con tro l va lve 

fa ilure

M on ito r % ou t p u t o f the 

con tro l va lve

6 can not ca lcu la te  PRN be casue  

ca n  not estim a te  the loss o f 

steam  and occu rre n ce

HFU-3 H ydrogen  section



S ection Process serv ice Potentia l Fa ilure Potentia l E ffect (ร) o f S e Potentia l C ause(s) 0  c  c D e tec tion  M ethod D e t R. P. N. R ecom m en ded  A c tion Rem ark

cod e function M ode Failure V /M e chan ism (s) o f

SDU-1 Feed ch illing DPC fou ling Loss o f e lec tric ity . - w a x  rem oval ra ta ting - open the  DPC co ve r and 7 - - c a n  not ca lcu la te  PRN be ca su e

section b la d e  is not w o rk in g che ck

can no t estim ate  the loss o f 

e le c tric ity  an d  o c c u rre n ce

SDU-2 Filter section O ne s id e  o f the Loss o f e lec tric ity . 4 There is no separa tion 10 Visual c h e ck in g  and cu rren t 7 280 M o d ify  sep a ra tio n -
de w a x ing  filte rs  does sw itch  to  sep ara te ly in d ica to r o f e le c tric ity  used  for sw itch  fo r each  s id e  o f

not need liah tin a  all turn on /o ff fo r the the  filte r 's  liah tina . tho filter.

SDU-3 DW O recovery H ot o il exch a n g e r loss o f fue l oil - The exch a n g e r has - M onito r the  e fffic ie n cy  o f the 7 - - C an not ca lcu la te  the  RPN

section fou ling been used fo r long tim e e xch ange r

be ca u se  can not estim ate  the  

occu rre n ce  o f the  fa ilure

ร อ บ -4 SLW recovery Hot oil exch a n g e r loss o f fue l oil - The exch a n g e r has - M onito r the  e fffic ie ncy  o f the 7 - - C an not ca lcu la te  the  RPN

section fou ling been used  fo r long tim e exch a n g e r

be cause  can not estim a te  the  

o ccu rren ce  o f the fa ilu re

SDU-5 Solvent recovery - - - - - - - - - -

section

BBU-1 Feed/R eactor The co m p re sse d  air Loss o f e lec tric ity . 6 The a ir co m p re sso r on 10 A ir p ressure  con tro l va lve  % 2 120 M o d ify  a ir com m on  line -

section

from  the  co m presso r 

is excess and a lw ays

each  un it is d e s ig n e d  at 

ove r cap ac ity .
ou tput.

in o rd e r to  use on ly  

one c o m p re sso r to

BBU-2 O ff g as  section

UT-1 C ooling  w ater The tem pera tu re  of Loss o f e lec tric ity . 4 The coo lin g  fan m otor 10 C ooing w a te r sup p ly 2 80 Install m o tor con ve rte r -
coo ling  w a te r sup p ly  

is low er than

is fixed  speed , so, it 

can  not re duce  its tem pera tu re  ind ica tor. to  va ry  the fan  spe ed .

UT-2 Instrum ent air The co m presse d  air Loss o f e lec tric ity . 3 The m in im um  cu rren t 10 A ir p ressure  con tro l va lve  % 3 90 S tudy to  re duce  the -
from  the com presso r se tting  is too  h igh . So, m in im um  cu rren t

is excess and always the m inim um
output.

se tting  o f the

C\ÛJ



Section P rocess se rv ice Potential Failure Potentia l E ffect (ร) o f S e Potentia l C ause(s) 0  c c D e te c tion  M ethod D e t R. P. N. R ecom m en ded  A ction Rem ark

code function M ode Failure V /M e chan ism (s) o f

UT-3 S team /C ondensa t 1. S team  trap  fa ilu re Loss steam 7 C orros ion  in s team  trap 5 C heck  s team  tra p  w ork ing . 6 210 Fix o r re p lace  the -

steam  tra p s  w h ich  are

e
no t w ork ina .

2. MP steam  is Loss o f en e rgy  (from 6 No ex is ting  steam 10 % o u tp u t o f le t do w n  valve. 2 120 M o d ify  by  ins ta lling  the -

le tdow n to  LP steam  

w ith the  rate u f 4  - 5 steam  an d  e lec tric ity )

tu rb in e  su ita b le  to 

su p p o rt th is  flo w  rate. now  steam  tu rb ine .

UT-4 Hot o il heater Heater's e ffic ie n cy  is Loss steam  fo r a tom iz ing 9 1. Too h igh  a ir flow  rate 10 %  E xcess O xygen , (d ire c tly 2 180 R edu ce  a ir flow  to  the -

low an d  fue l oil (excess air). e ffec t to  he a te r e ffic ie ncy ) heater.

- - - 2. Too h igh  vacuum - Fire b o x  p ressu re  ind ica to r - - - -

(heate r d ra ft).

UT-5 S our w a te r Excess rebo iling 1. Loss steam  and 5 Steam  to  re b o ile r is 6 S our w a te r to  steam  ratio 3 90 Find ou t the  su ita b le -

trea ting

incre ase  am ount o f sour 

w a te r (increase  w aste excess. ind ica tor.

ra tio  and in fo rm  the

c o n ce rn in g  peop le .

ÇN
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Dividing section of process for failure mode analysis
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Appendix K
The calculation of Risk Priority Number

91
;

Potential Failure Mode No. 1: V D U H e a t e r ' s  e f f i c i e n c y  i s  l o w

Seventy ranking
A s s u m p t i o n s

1 .  % O x y g e n  e x c e s s  i s  i n c r e a s e d  f r o m  3 %  t o  5 %

2 .  H e a t  o f  c o m b u s t i o n  o f f u e l  o i l  = 4 2 , 0 0 0  k J / k g

ร .  F l u e  g a s  t e m p e r a t u r e  = 350 °c

From BP combustion guide chapter 6;
T a b l e  K - l

%  o f  e x c e s s  0 2 5 % 3 %

%Excess air 30% 15%
%  Efficiency 84.20% 86.60%
Fuel oil used (TPD) 21.9 21.3

C o s t  e s t i m a t i o n  

Different fuel oil used — 0.6 Ton/day
= ะ 18 Ton/month

Fuel oil price ~ 200 USD/Ton
Cost to be saved ~ 3,600 USD/Month

144,000 Baht/Month

From Table 3.5, S e v e r i t y  R a n k  =  6

Occurrence Ranking
The process record shows that around 50% of the percent o f excess 

Oxygen from the VDU’s heater flue gas is around 5%.
From Table 3.6, O c c u r r e n c e  R a n k  = 7
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Detection Ranking
In the process control system, the percent of excess Oxygen from the 

furnace has indicated in the control room that can be monitored by process 
operator all the time.
From Table 3.7, D etection  R a n k  =  2
R P N  = 6 x 7 x 2

84

P otentia l F ailure M ode N o. 2: H o t o il H eater's e fficiency is low
Severity ranking
A ssum ptions
1. % O xygen excess is increased  fr o m  3%  to 5%
2. H ea t o f  com bustion  o f fu e l  o il =  42,000 kJ/kg
3. F lu e  g a s tem perature = 380 °c

From BP combustion guide chapter 6; 
T a b l e  K - 2

% 0 2 7 .5 % 3 .0 %

%Excess air 50% 15%
%  Efficiency 78.00% 84.00%
Fuel oil used (TPD) 113 104.9

C ost estim ation
Different fuel oil used = 8.07 Ton/day

= 242.1 Ton/month
Fuel oil price ~ 200 USD/Ton
Cost to be saved ~ 48,428.6 USD/Month

1,937,143 Baht/Month

F rom  T able  3.5, S e v e r ity  R an k
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Occurrence Ranking
The process record shows that the percent of excess Oxygen from the 

hot oil’s heater flue gas is around 7.5% all time.
From Table 3.6, Occurrence Rank = 10

Detection Ranking
In the process control system, the percent of excess Oxygen from the 

furnace has indicated in the control room that can be monitored by process 
operator all the time.
From Table 3.7, Detection Rank = 2

RPN  = 9 x 1 0 x 2

180

Potential Failure Mode No. 3: Excess stripping steam (Sour water stripping 

unit)

Severity ranking 
Assumptions

1. Ratio of steam used in stripping and sour water flow is increased from 1:10 

to 1:9

2. Sour water’s flow rate = 400 TPD

3. Water treatment cost = 40 Baht/ton

T a b l e  K - 3

R a t i o 1 : 1 0 1 : 9

Steam used ( T P D ) 4 0 4 4 . 4 4

Loss of steam from over stripping 
Cost of loss of steam 
Cost of additional water treatment 
Total additional cost

= 4.44 Ton/day
~ 73,000Baht/month
~ 5,300 Baht/month
~ 78,300Baht/month



F rom  T able  3.5, S e v e r ity  R an k 5

Occurrence Ranking
From the control record, the steam and sour water ratio is out of control 

around 30%.
From Table 3.6, O c c u rre n c e  R a n k  — 6

Detection Ranking
In the process control system, the ratio of steam and sour water has 

indicated in the control room that can be monitored by process operator all the 
time.
From Table 3.7, D e te c tio n  R a n k  = 2
R P N  = 5 x 6 x 2

60

Potential Failure Mode No. 4: F a ilu re  o f  s tea m  tra p s  
Severity ranking 
A ss u m p tio n
E s tim a te d  s te a m  lo ss  f r o m  s te a m  tra p  —

Steam price =
Estimated cost saving =

From Table 3.5, S e v e r ity  R a n k  =

Occurrence Ranking
From the steam trap surveying, the steam trap is not working around

25%.
From Table 3.6, O c c u rre n c e  R a n k  = 5

2 T o n /h o u r

550 Baht/ton
26,400 Baht/day
792,000 Baht/month

7



Detection Ranking
The steam trap working can not be visually checked and there is not any 

indicator to inform the responsible people to know its status. In order to check 
the working of steam trap, the surveying by inspection team is needed. So, the 
detection on the working of steam trap is low.
From Table 3.7, D e te c tio n  R a n k  = 6
R P N  = 7 x 5 x 6

210

Potential Failure Mode No. 5: O n e  s id e  o f  th e  d e w a x in g  f i l t e r s  d o e s  n o t n e e d  
l ig h tin g  a l l  th e  tim e.
Severity ranking
A s s u m p tio n :  T he lig h tin g  a t s p a y  n o zz le  s id e  is  u se d  a ro u n d  2 0 %  o f  th e  w a x  

b o o t side .
Table K-4

1 B e f o r e  m o d i f i c a t i o n A f t e r  m o d i f i c a t i o n

Total elec. Used for the filter lighting. (kWH/M) 12,960 6,480
Electricity (Baht/Month) 25,920 12,960
Bulb cost (Baht/month) 8 . 1 0 0 4,050
Total cost (Baht/month) 46,980 23,490

Cost can be saved = 17,010 Baht/month

From Table 3.5, S e v e r ity  R a n k  = 4

Occurrence Ranking
This potential failure mode is occurred because of the design o f the 

process does not provide the separation switch to separately control the lighting 
o f both side of the filter.
From Table 3.6, O c c u rre n c e  R a n k  = 10



Detection Ranking
The occurrence of this failure mode can be checked by the technicians 

who work at the local and can not be detected from control room. The 
technicians are assigned to check the area every 6 hours, so, it can be said that 
the detection of this failure mode is very low.
From Table 3.7, D e te c tio n  R a n k  = 7
R P N  = 4 x 1 0 x 7

2 8 0

Potential Failure Mode No. 6: T he c o m p re sse d  a ir  f r o m  the  c o m p r e s s o r  is 
e x c e ss  a n d  a lw a y s  b lo w n  to a tm o sp h ere .
Severity ranking
Energy consumed from the air compressors when both compressors are run to 
support two units.
800L-K-101 = 150 k w  (normal operation at 88% of full load)
850L-K-101 = 231 k w  (normal operation at 88% of full load)

Energy consumed when 850L-K-101 is run to support two units. 
850L-K-101 = 262.5 k w  (100% of foil load)

Energy reduced

Electricity price 
Estimated energy cost saving

1 5 0 -(2 6 2 .5 -2 3 1 ) k w
118.5 k w
2.0 Baht/kWh
5,688 Baht/day
170,640 Baht/month

N o te  T he  p a y  b a c k  tim e  is d e p e n d e d  on th e  ru n n in g  c a p a c ity  o f  th e  b itu m e n  
u n its  in c a s e  o f  th e  to ta l p r o d u c tio n  is le ss  tha n  1 ,0 0 0  TPD .

F rom  T able  3.5, S e v e r ity  R an k 6
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Occurrence Ranking
This potential failure mode is occurred because o f the design of the 

process.
From Table 3.6, O c c u rre n c e  R a n k  = 10

Detection Ranking
The occurrence of this failure mode can be checked by using the 

indicator of the flow of the compressed air vented to atmosphere in the control 
room all the time.
From Table 3.7, D e te c tio n  R a n k  = 2
R P N  = 6 x 1 0 x 2

120

Potential Failure Mode No. 7: T he  c o m p re sse d  a ir  f r o m  th e  c o m p r e s s o r  is 
e x c e ss  a n d  a lw a y s  b lo w n  to  a tm o sp h ere .
Seventy ranking

It is estimated that the if  the vented air from the compressor can be 
eliminated the current will be reduced from 60 Amp. to 50 Amp.
Due to the reduction of the current; power used will also be reduced from 22.8 
k w  to 19 kW.

Electricity price = 2.0 Baht/kWh
Estimated energy cost saving = 5,472 Baht/month

From Table 3.5, S e v e r ity  R a n k  = 3

Occurrence Ranking
This potential failure mode is occurred because of the design of the 

process.
From Table 3.6, O c c u rre n c e  R a n k  = 10
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Detection Ranking
The occurrence of this failure mode can be checked by using the 

indicator of the %  opening of the air-vented line in the control room all the 
time but the indicator is more difficult to monitor than the potential failure 
mode No.6
From Table 3.7, D e te c tio n  R a n k  = 3
R P N  = 3 x 1 0 x 3

9 0

Potential Failure Mode No. 8: T he tem p era tu re  o f  c o o lin g  w a te r  s u p p ly  is  
lo w e r  than  d e s ig n e d  va lue.
Severity ranking
The cooling water supply temperature is increased to 31.9 c  when one cooling
fan is switched to low speed mode.
Energy reduced = 122.5-80.6 k w

= 41.9 k w
Electricity price = 2.0 Baht/kWh
Estimated energy cost saving = 2,011.2 Baht/day

= 60,336 Baht/month

From Table 3.5, S e v e r ity  R a n k 5

Occurrence Ranking
This potential failure mode is occurred because of the design of the 

process.
From Table 3.6, O c c u rre n c e  R a n k  = 10

Detection Ranking
The occurrence of this failure mode can be checked by using the 

indicator of the motor status in the control room all the time.
From Table 3.7, D e te c tio n  R a n k  = 2



R P N 5 x 1 0 x 2
100

99

Potential Failure Mode No. 9: T he  te m p e ra tu re  o u tle t o f  A F C  is c o n tr o lle d  b y  
u s in g  b y -p a ss  va lve .
Seventy ranking

There are three temperature controllers use the control valves and the
electricity power used for these AFC are shown below.
200L-E-107 
200L-E-114 
300L-E-116 
Total

193.6 kW
16.4 kW 
40 kW 
250 kW

The estimated of power loss is 10% of the total power used
Estimated power loss — 25 kW
Electricity price — 2.0 Baht/kWh
Estimated energy cost saving = 1,200 Baht/day

= 36,000 Baht/month

From Table 3.5, S e v e r ity  R a n k  = 4

Occurrence Ranking
This potential failure mode is occurred because of the design o f the 

process.
From Table 3.6, O c c u rre n c e  R a n k  = 10

Detection Ranking
The occurrence of this failure mode can be checked by using the 

indicator of the control valve in the control room all the time.
From Table 3.7, D e te c tio n  R a n k  = 2
R P N  = 4 x 1 0 x 2

8 0
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Potential Failure Mode No. 10: M P  s te a m  is le td o w n  to  L P  s te a m  w ith  th e  
ra te  o f  4  - 5  T P H  co n sta n tly .
Seventy ranking 
B a s is
1. W hen a l l  o f  s te a m  tu rb in es  e x c e p t 4 7 0 0 L  a re  ru n n in g , th e  M P  s te a m  s t i l l  le t  

d o w n  to  L P  s te a m  a r o u n d  4  TPH .
2. S te a m  tu rb in e  c o n su m in g  M P  s tea m  4 T P H  p r o v id e s  p o w e r  a t th e  sa m e  as  

112  k w  m o tor.
3. E le c tr ic ity  p r ic e  = 2 .0  B a h t/k W h

If  modify an additional steam turbine that consumes MP steam at around 4 
TPH
The electricity cost will be reduced = 5,376 Baht/day

= 161,280 Baht/month

From Table 3.5, S e v e r ity  R a n k  = 6

Occurrence Ranking
This potential failure mode is occurred because of the design o f the 

process.
From Table 3.6, O c c u rre n c e  R a n k  = 10

Detection Ranking
The occurrence of this failure mode can be checked by using the 

opening percent indicator of the let down control valve in the control room all 
the time.
From Table 3.7, D e te c tio n  R a n k  = 2
R P N  = 6 x 1 0 x 2

120
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Potential Failure Mode No. 11: Too lo w  p r o d u c t  ru n  d o w n  te m p e ra tu re

Seventy ranking 
B a s is
1. E le c tr ic i ty  p r ic e
2. P r o d u c t ru n d o w n  ’ร te m p e ra tu re  
Table K -5

=

2 .0
90

B a h t/k W h
c.

1 Actual power (kW) Expected power (kW) Cost saving ( /Month)
1 1 0 0 L - E - 1 1 2 1 5 .3 7 . 8 1 0 , 8 0 0

2  1 0 0 L - E - 1 1 3 4 . 4 2 . 5 3 2 , 6 9 2 . 8

3  1 0 0 L - E - 1 1 5 3 7 . 5 3 2 . 2 7 , 6 6 0 . 8

Total 21,153.6

From Table 3.5, S e v e r ity  R a n k  = 4

Occurrence Ranking
This potential failure mode is occurred because of the design of the 

process.
From Table 3.6, O c c u rre n c e  R a n k  = 10

Detection Ranking
The occurrence of this failure mode can be monitored by the 

temperature indicator of the rundown product in the control room all the time. 
From Table 3.7, D e te c tio n  R a n k  = 2
R P N  = 4 x 1 0 x 2

8 0



Appendix L

=  U n it  is  o n  o p e ra t io n .

eri =  S /D  a c t iv i ty



A p p en d ix  M
E n e r g y  I n te n s i t y  I n d e x  ( E l i )  C a lc u la t io n

Table M-l: Capacity and utilization before the actions’ implementation
Unit Nam e Total C apacity Feed Operation Operation Each Mode Nominal Actual Actual P ercent C.F. EDC UED C Energy EnergyHours Ratio Capacity Solvent/Oil Processing Production C apacity Standard Standard

Ratio U tilized
BPSD Hours % BPD wt basis BPO BPD % - K B /D KB/D KBTU/B MBTU/D

B itum en M anufacture
BBU 7,341 7,341 ■ 5,072 69.09 115 583

S olvent D ew axing * O n P rod uction  B asis
SDU 5,460 60N 0 0.0 6,195 0 .0 0 20.0 109 69 570.7 1,961150N 0 0 .0 5,981 0 .0 0500N 180 65.2 5,792 3.7 3,467150BS 96 34.8 4,836 4.2 3,377Total 276 100.0 3,436 6 2 .9

Table M-2: Capacity anti utilization after the actions’ implementation
Unit Name Total Capacity Feed Operation Operation Each Mode Nominal Actual Actual P ercent C.F. EDC U ED C Energy EnergyHours Ratio Capacity Solvent/Oil Processing Production C apacity Standard Standard

Ratio U tilized
BPSD Hours % BPD wt basis BPD BPD % - KB/D KB/D KBTU/B MBTU/D

B itum en  M anufacture
BBU 7,341 7,341 " 5,600 76.28 115 644

S olvent D ew axing * O n P roduction  B asis
SDU 5,653 60N 0 0 .0 6,195 0.0 0 20.0 113 90 541.1 2,448150N 216 31.0 5,981 2.5 5,027

500N 336 48.3 5,792 3.9 4,782
150BS 144 20.7 4,836 4.2 3,172Total 696 100.0 4,525 80.0

pน)



Table M-3: E li Calculation
B efo re  im p lem en ta tion A fte r  im p lem en ta tion

U n it SDU BBU SDU BBU
F u e l oil

(Ton/day)
18.0 19.9

M P  s te a m

(Ton/day)
0.0 11.5 0.0 17.4

L P  s te a m

(Ton/day)
44.9 23.6 41.5 19.1

E le c tr ic ity

(KWH/D)
116,666 9063.23 105,216 5,038.45

Total Artnal
C o n s u m p tio n(foeKL/D)

34.1 3.3 35 3.1

T a ta l A c tu a l 
C o n s u m p tio n(MBTU/D)

1,272 124 1,304 114

S ta n d a rd

(MBTU/D)
1,961 583 2,448 644

Ell 6 5 21 53 18

N o t e

l . F u e l  o i l  l a t e n t  h e a t i n g  v a l u e = 1 0 ,5 6 2  K c a l / t o n

2 .  T o  c o n v e r t  e l e c t r i c i t y  t o  f o e L  ; l  f o e L =  k W h  X 3 , 6 0 0 / 4 . 1 9 / 9 , 4 0 0

3 .  T o  c o n v e r t  s t e a m  t o  f o e L  ; l  f o e L =  k g ( s t e a m )  X 6 7 0 / 9 , 4 0 0
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Appendix N 
E q u ip m e n t  f i g u r e s
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F ig u re  N -2 :  In s tru m e n t a ir  c o m p re sso r
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F ig u r e  N -3 :  C o o lin g  w a te r  sys tem

F ig u r e  N -4 :  O il fu r n a c e F ig u re  N -5 :  D e w a x in g  f i l t e r
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